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CHAPTER 1
INTRODUCTION
This first chapter provides an introduction to this research. It starts by briefly presenting the background of the topic of research in §1.1. Then, the research objective and questions are formulated. In addition, our research model is presented. This research model presents an overview of the research process undertaken in this thesis. 
§1.2 provides an overview of the following chapters & structure of this thesis.
19
20
1.1 Research overview
1.1.1 Background 
Current issues in the upstream petroleum industry
The upstream1 petroleum industry is undergoing a period of significant change (Knoppe & 
Holloway, 2008). In this research, three current issues in the upstream petroleum industry 
are distinguished: (i) Increasing demand fo r energy (Hickman, Guidry & Seaton, 2008; 
Rawdon, 2003). The increase in world population, economic growth per person, and 
importance of transport/mobility, result in increasing demand for energy (Brufau, 2008). 
These demand requirements push petroleum companies to maximize their production from 
both existing and new oil and gas fields (Bartram & Wood, 2009). (ii) Operating in difficult oil 
fields (Brufau, 2008; Hickman, Guidry & Seaton, 2008; Rawdon, 2003; Saggaf, 2008). 
Petroleum companies claim that there is hardly any easy accessible oil reservoir left. Most 
of the large oil fields have been exploited since the 1960s and 1970s; therefore their 
production has declined significantly in the last two decades (Babadagli, 2005). As the 'easy' 
oil and gas reserves become increasingly scarce, the upstream petroleum industry is aware 
of the need to develop unconventional resources in more complicated operating 
environments (Yawanarajah et al., 2008). Unconventional resources include heavy oil, ultra 
deepwater oil and gas, tar sands and gas-to-liquids (Miskimins, 2009; Tye, 2010; 
Yawanarajah et al., 2008). (iii) The Big crew change (Brett, 2007; Edwards, Saunders & 
Moore-Cernoch, 2006; Heaney & Davidson, 2006; Hickman, Guidry & Seaton, 2008; Knoppe 
& Holloway, 2008; Popham & Edwards, 2009; Tealdi, Kreft & Donachie, 2006). The 
workforce in the upstream petroleum industry is diminishing, both in numbers and 
experience (Popham & Edwards, 2009). Within the industry this is referred to as 'the Big 
crew change'. The industry is facing difficulties in attracting smart young graduates (Tealdi, 
Kreft & Donachie, 2006). As a result of a large proportion leaving the industry, and fewer 
graduates entering the industry, a big gap in experience occurs. This big gap is partly caused 
by the major lay-off of staff in the 1980s, who have not returned to the petroleum 
companies (Treat et al., 1994).
Smart oil fields
Most major petroleum companies introduced 'Smart Oil Fields' to deal with the current 
issues. A 'Smart Oil Field' is: A context where the combination of (a) hardware and systems; 
(b) data and standards, and; (c) people and skills, enables the organization to access difficult 
oil fields, and to provide it with real time data of the actual situation of petroleum 
production and reserve quantity. Smart Oil Fields consist of Smart Oil Fields Technology and 
Collaborative Work Environments (CWEs). Smart Oil Fields Technology enables petroleum 
companies to reduce costs, increase production, and increase recovery2 factor (cf. De Best & 
Van den Berg, 2006; Henderson, 2005; Murray et al., 2006). Shell has implemented Smart 
Oil Fields concepts in various oil and gas fields around the world, in order to increase 
production and recovery of oil and gas (Van den Berg, 2007). Smart Oil Fields are a
1 In the petroleum industry two main domains are distinguished: upstream and downstream. 
"'Upstream' includes exploration and production; 'downstream' includes transportation 
(including pipelines), refining and marketing" (Grant & Cibin, 1996: 171).
2 Hyne (2001) defines 'recovery factor' as "the percentage of OIP [oil in place] or GIP [gas in 
place] that the reservoir will produce" (p. 431).
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fundamental part of Shell's efforts to meet the challenges of increasing global energy 
demand. For the development of Smart Oil Fields Technology, Shell, TNO and Delft 
University of Technology have created the ISAPP (Integrated System Approach to Petroleum 
Production) research consortium. Later on the Radboud University Nijmegen (Nijmegen 
School of Management) also participated.
Nijmegen School of Management
The Nijmegen School of Management (NSM) was invited to investigate the implementation 
of Smart Oil Fields and to provide guidelines for organizational design. The aim of the NSM 
for ISAPP has been formulated as "to provide, study and evaluate managerial-, 
organizational- and human interaction models for effectively structuring the multiple party 
innovation processes within ISAPP and to provide knowledge on the actual use of ISAPP 
technology by operating companies (work processes, skills, management, collaborative 
work environment)"3. So far, NSM has formulated two PhD projects. The first project is on 
the effectiveness of ISAPP as a networked organization (by Alexander Morren). This project 
focuses on the knowledge exchange of members within the ISAPP research consortium. The 
second project (by Ewoud Guldemond) focuses on the organizational design of Collaborative 
Work Environments (CWEs) of petroleum companies. The objective of this second project 
has been formulated as:
"To provide the petroleum industry with guidelines for the organizational design of the 
Collaborative Work Environments, in support of the operation of Smart Oil Fields." 
1.1.2 Introduction to collaborative work environments
Currently, Collaborative Work Environments are being more and more applied in several 
industries, for example in the military (cf. Bayerl et al., 2008; Benford et al., 2001; Popham 
& Edwards, 2009), in flight control (Bayerl et al., 2008) and in the petroleum industry (cf. 
Adefulu, 2010; Bayerl et al., 2008; Knoppe & Holloway, 2008). Collaborative Work 
Environments provide industries with new opportunities for cross-functional collaboration, 
which was not the case in the past. Although other industries use similar CWE concepts, the 
contexts of these industries differ from the petroleum industry's context (Bayerl et al., 
2008). According to Bayerl et al. (2008) it remains unclear to what extent findings from 
other industries (like flight control and military) are directly applicable to the upstream 
petroleum industry.
In the last decade, petroleum companies are increasingly viewing Collaborative Work 
Environments as an important component of their Smart Oil Fields programs (Vindasius, 
2008). Collaborative Work Environments have been implemented by several major 
petroleum companies, to support the use of technology in Smart Oil Fields (Guldemond & 
Ten Have, 2008). The CWE dedicated work space is equipped with advanced hardware and 
software systems, like video-conferencing/audio, mobile cameras and computing devices 
(Philips et al., 2007; Vindasius, 2008) to facilitate cross-functional collaboration. Unlike email 
and bulletin boards, Collaborative Work Environments can provide support for synchronous 
activities, and can provide real-time support for the sharing of visual artifacts, unlike
3 Full references have been registered at Radboud University Nijmegen (Nijmegen School of 
Management). Quotes without references are derived from publications that have not been 
released.
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telephone conference facilities (Churchill & Snowdon, 1998). Based on Taylor & Fosse 
(2006), we define a 'Collaborative Work Environment' as: A forum, which is specifically 
created to integrate people, processes, technology and facility fo r improved cross-functional 
and virtual collaboration, learning and high quality decision-making.
A Collaborative Work Environment in the upstream petroleum industry can consist of (a) a 
Field office (located onshore, or offshore); (b) a Collaboration Center (main office, located 
onshore), and; (c) Service Companies. The main emphasis of this research is on the Field 
office and Collaboration Center, where both formal and informal collaboration takes place. 
CWEs are assumed to allow people to work collaboratively regardless of distance, making 
better decisions, faster, thereby enabling enhanced productivity and delivering operational 
performance improvements (Edwards, Saunders & Moore-Cernoch, 2006). Figure 1.1 
represents a CWE in the upstream petroleum industry.
Figure 1.1 - CWE in the upstream petroleum industry
These changing work environments make strong demands on teamwork and learning. 
Teamwork in the Collaborative Work Environments has to cope with two important aspects: 
(i) Multiple locations (both on site and at distance, without the possibility of collocated face- 
to-face interaction); and (ii) Multiple disciplines (people with different functional 
backgrounds).
Organizational design challenges in collaborative work environments
The implementation of these Collaborative Work Environments is not without problems. 
After major petroleum companies successfully implemented the hardware, tools and 
applications in CWEs, organizational design challenges remained unsolved (Guldemond, Ten 
Have & Knoppe, 2010). The biggest challenge is to change behavior of staff and to 
effectively integrate people across disciplinary boundaries (Lameda & Van den Berg, 2009). 
Working in these Collaborative Work Environments cuts across traditional disciplinary and 
geographically dispersed boundaries. Less hierarchical reporting relationships and cross­
functional teams replace clear-cut single hierarchical reporting relationships and single­
functional teams. The new way of collaborative working calls for supportive organic
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organizational design for the CWE (Guldemond, Ten Have & Knoppe, 2010). However, cross­
functional collaboration has not been successfully established in the CWEs. Integration 
between staff with differing functional backgrounds is still problematic. The upstream 
petroleum industry is in search for an effective organizational design to cope with the 
integration issues of cross-functional collaboration.
Figure 1.2 visualizes the sequence of the current issues in the upstream petroleum industry 
(increasing demand for energy, operating in difficult oil fields, and the Big crew change) as a 
response the implementation of Smart Oil Fields Technology, followed by the 
implementation of Collaborative Work Environments, and our topic of research: 
organizational design challenges of these Collaborative Work Environments.
Current issues in the upstream 
petroleum industry
r
Smart oil fields 
implementation
Increasing demand for 
energy
Operating in difficult oil 
fields
The Big crew change
Implementation of 
Smart Oil Fields 
Technology
Implementation of 
Collaborative Work 
Environments
Organizational design 
challenges of 
Collaborative Work 
Environments
Figure 1.2 - Current issues in the upstream petroleum industry and the implementation of smart 
oil fields
1.1.3 Research questions
Organizational design can motivate, facilitate, or constrain behavior of staff in organizations 
(Nadler & Tushman, 1988). Therefore, changes in organizational design can help to deal with 
the challenge of changing staff's behavior and to effectively integrate people across 
disciplinary boundaries (Lameda & Van den Berg, 2009). In accordance with Duncan (1979: 
61), we define 'organizational design' as "The allocation of resources and people to a 
specified mission or purpose and the structuring of these resources to achieve the mission". 
Which organizational design is most effective in which situation, depends on the objectives, 
as formulated by the organization (Collier, 1992). Therefore, organizational design 
objectives are needed. The first central research question is formulated as follows:
1. What are the most important objectives for Collaborative Work Environments in 
Smart Oil Fields?
Organizational design refers to formal and informal arrangements (Nadler & Tushman, 
1988, 1997). Formal organizational arrangements include two types of arrangements:
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processes (tasks), and structures, whereas informal arrangements include elements like 
culture (Nadler & Tushman, 1988). The research focus is on the formal organizational 
arrangements, as distinct from informal organizational arrangements. Focusing on the direct 
influence of design on how people perform their work and behave within an organization 
can help to provide effective guidelines for organizational design of CWEs to the petroleum 
industry. Apart from processes and structure, competencies also influence the 
organizational design effectiveness. Traditional organizational design theories can provide 
us guidelines for looking at current organizational designs in Collaborative Work 
Environments, as well as ways for improvement. An additional factor to more traditional 
forms of teamwork is virtual teamwork (i.e. collaboration). Virtual teams theory will be 
explored for guidelines for this type of teamwork. A second central research question is 
formulated as follows:
2. Which guidelines do theories of organizational design & change provide for the 
organizational design of Collaborative Work Environments in Smart Oil Fields?
A third central research question is formulated to gain insights into the problems related to 
the current organizational design of Collaborative Work Environments. This third central 
research question is formulated as follows:
3. Which problems are currently experienced with regard to the effectiveness of 
Collaborative Work Environments in Smart Oil Fields?
Organizational structures of upstream petroleum companies must change to gain the 
maximum value from Smart Oil Fields implementations (Popham & Edwards, 2009). The 
design of organizational structures involves two primary issues to achieve the organizational 
goals: (1) the way of differentiating organizational tasks (division of labor), and; (2) the way 
of coordinating these organizational tasks (Hax & Majluf, 1981). The Smart Oil Fields work 
practices are largely determined at the production location level (referred to as 'Operating 
Unit'), since these are the autonomous organizational bodies of most upstream petroleum 
companies (CERA, 2006). Collaborative Work Environments do not cover the Operating Unit 
as a whole, but are a part of the Operating Unit. Therefore insights are needed into the 
organizational structure of the Operating Unit. In relation to the third central research 
question, several sub-research questions are formulated:
3a) What are the currently present organizational structures of the Operating 
Units?
The Smart Oil Fields implementation changes the way people work. Business processes are 
the sequences of steps, series of actions, or methods of operation that are specified (Nadler
& Tushman, 1988: 40). These business processes have clear inputs and outputs, and a 
specific ordering of activities (Davenport, 1993; Irani, Hlupic & Giaglis, 2002). In this 
research the business process is the production of oil and gas. A business process can be 
broken down into several levels. We analyze the business process at the lowest level: at the 
level of task characteristics.
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3b) What are the task characteristics of work in Collaborative Work 
Environments in Smart Oil Fields?
Individuals' competencies and behaviors need to be assessed in CWEs in the Operating Units 
(Philips et al., 2007). In terms of Nadler & Tushman (1997), it is important to gain insights 
whether staff in the organization has the competencies required to work in manner 
consistent with the strategy. Petroleum companies can define their required competencies 
for operating in CWEs in Smart Oil Fields, but this does not automatically imply that current 
staff possesses these required competencies. In order to gain insights into the current level 
of competencies of staff, the following sub-research question is formulated:
3c) What are the current competencies of staff in Collaborative Work 
Environments in Smart Oil Fields?
In order to develop the guidelines for organizational design in CWEs in Smart Oil Fields, 
research was conducted at three different Operating Units (three different cases) in the 
upstream petroleum industry. A comparison between the three cases shows the level of 
variety of the most important problems with the organizational design effectiveness 
between the Operating Units. A fourth central research question is formulated as follows:
4) What are the most important problems with organizational design 
effectiveness of Collaborative Work Environments in Smart Oil Fields? 
1.1.4 Research model
Empirical research begins with strong ground in related literature, identifying a research 
gap, and proposing research questions to address the research gap (Eisenhardt & Graebner, 
2007). Figure 1.3 represents the research model of our research. Our research started by 
conducting: (a) Our orientating interviews & workshops with experts, resulting in the most 
important objectives for Collaborative Work Environments in Smart Oil Fields. By having this 
insight, we searched for guidelines for organizational design & change and virtual teams 
theories. We predominantly used two organization theories: Sociotechnical systems theory 
and virtual teams theory. (b) We conducted our research at Shell. Shell is considered as an 
early adopter of the CWE concept in the upstream petroleum industry (Vindasius, 2008). In 
addition, Shell is perceived to have a decentralized organizational structure (cf. Grant & 
Cibin, 1996), which provides room for variety between the cases. (c) Individual case analysis 
was performed to explore causes of the problems of organizational design effectiveness at 
each of the Operating Units (cases). In addition, a cross-case analysis, a comparison 
between the results of the three cases provided an overview of the most important 
problems of with organizational design effectiveness of CWEs in Smart Oil Fields. A 
combination of part (a) on the one hand with parts (b) and (c) on the other, resulted in 
guidelines for organizational design for Collaborative Work Environments, in support of the 
operation of Smart Oil Fields (our research objective).
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Figure 1.3 - Research model 
1.2 Thesis outline
Part I provides a theoretical perspective on our research topic, at the level of the upstream 
petroleum industry. This part contains two chapters. In Chapter 2, a few characteristics of 
the upstream petroleum industry are described. After these characteristics, insights into the 
current issues in the upstream petroleum industry will be provided. The current issues are 
followed by explanations of the Smart Oil Fields' and Collaborative Work Environments' 
concepts. In addition, we will provide a brief overview of organizational designs used in the 
petroleum industry and present the objectives of the CWE. Chapter 3 provides the 
theoretical background of organizational design. First, we will present our organizational 
control loop. In addition, we will discuss the organizational design approach (Sociotechnical 
systems theory) we will be using. Second, the variables of research will be discussed: 
Organizational Structure; Task Characteristics, and; Competencies. After discussing our 
variables of research, the focus will shift towards Virtual teams theory. This theory provides 
directions for organizing virtual collaboration in Collaborative Work Environments.
Part II reports on the empirical part of our research, at the level of the Operating Unit. This 
part contains two chapters. In Chapter 4, we will provide our research design. Methods of 
data collection and data analysis are important topics. Chapter 5 provides results on our
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variables of research. This chapter consists o f three cases o f Collaborative Work 
Environments in the upstream petroleum industry.
Part III aligns the theoretical perspective of part I w ith part II (empirical perspective). This 
part contains two chapters. Chapter 6 presents (a) individual case analyses o f each of our 
case studies (within the cases), and (b) a cross-case analysis (between the cases). In Chapter
7, we will provide a brief discussion and draw conclusions on our research topic. The 
guidelines fo r organizational design o f CWE in Smart Oil Fields are part o f this chapter. 
Figure 1.4 provides an overview of the structure of this thesis.
Part I Chapter 2 Chapter 3
Theoretical perspective Current issues in the Organizational design
upstream petroleum 
industry
theories
Part II 
Empirical perspective Chapter 4 Chapter 5Research design Results
Part III 
Aligning a Theoretical 
and Empirical 
perspective
Figure 1.4 -  Overview of structure of this thesis
Chapter 6 Chapter 7
Organizational design Discussion &
analysis conclusions
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PART I
ORGANIZATIONAL DESIGN CHALLENGES OF 
CLOSING THE LOOP -  A THEORETICAL 
PERSPECTIVE
Part I provides a theoretical perspective on organizational design challenges for closing the 
loop in Smart Oil Fields. This first part contains two chapters. Chapter 2 describes three 
important current issues in the petroleum industry fo r our research. In addition, this chapter 
elaborates on what Smart Oil Fields and Collaborative Work Environments exactly are. In the 
last part of this chapter, we mention organizational designs used in this industry and 
formulate major challenges for organizational design of Collaborative Work Environments. 
Chapter 3 provides important organizational design theories and our variables of research.
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CHAPTER 2
CURRENT ISSUES IN THE UPSTREAM PETROLEUM 
INDUSTRY
The previous chapter provided an introduction to our research. This chapter starts by providing characteristics o f the upstream petroleum industry (in §2.1) as the context o f this research. In §2.2, the current issues in the upstream petroleum industry are 
distinguished, which are antecedents for implementing Smart Oil Fields in general 
(discussed in §2.3) and Collaborative Work Environments in specific (discussed in §2.4). In 
§2.5, a brief overview of organizational designs used in the petroleum industry is provided. 
Objectives for Collaborative Work Environments and organizational design are formulated in 
§2.6. In the last section (§2.7), major challenges fo r organizational design o f Collaborative 
Work Environments are identified.
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2.1 Characteristics of the upstream petroleum industry
The petroleum industry affects almost every country in the world through its wide 
operational areas and the demand for its products (Owei, 1984). Today's petroleum 
companies can be involved in four different types o f functions or segments (Gallun et al., 
2001): Exploration and production; transportation; refining and gas processing, and; 
marketing and distribution. The petroleum industry is often divided into two domains: 
upstream and downstream (Grant & Cibin, 1996). 'Upstream' includes exploration and 
production o f petroleum, whereas 'downstream' "includes transportation (including 
pipelines), refining and marketing" (Grant & Cibin, 1996: 171). This study only focuses on 
the activities within the upstream domain.
High levels of uncertainty and risk are specific characteristics of the upstream petroleum 
industry (Baddour, 1997; Gallun et al., 2001; Ross, 2004). Difficulties with precisely 
estimating the remaining recoverable volumes of oil and/or gas from the producing field 
reflect the uncertainty involved (Baddour, 1997). The lack of correlation between the highly 
capital investments on its upstream activities on the one hand, and value of any resulting 
recoverable oil and gas reserves on the other hand, makes the upstream petroleum industry 
an extremely high-risk industry (Baddour, 1997; Gallun et al., 2001). Because of its unique 
characteristics, the upstream petroleum industry is considered as one of the most 
knowledge-intensive industries (Bartram & Wood, 2009).
2.1.1 Stages in the upstream petroleum industry
The types of activities in the upstream petroleum industry can be divided into four stages 
(Higgins, 1993; Hultzsch, Lake & Gilbert, 2007):
Exploration. During this stage two main activities will be executed: (i) to apply for a 
license from the government to undertake exploration and drilling activities (Favero & 
Hashem Pesaran, 1994). In case a company receives a license, they can undertake geological 
surveys of a particular area to verify available data on wells drilled in the area; (ii) 
exploration wells are drilled, in order to find out whether the reservoir is dry or not (means 
does or does not contain petroleum) (Favero & Hashem Pesaran, 1994);
Appraisal. In case the well discovers a new field (Hyne, 2001), the company moves on to 
the appraisal phase. The company will drill appraisal wells (Favero & Hashem Pesaran, 
1994), in addition to the exploration well, to (a) determine the size of the fie ld4 (Hyne, 
2001), and (b) analyze the various options for developing the field (Favero & Pesaran, 1994);
Development. According to Higgins (1993): "At the point where the company decides to 
develop a field it is dealing w ith well-defined reserves o f relatively low risk. There may, on 
average, be 7 years between these two events during which the estimate of reserves has 
changed considerably" (p. 112).
Production. Production is the physical extraction of oil and gas (Cassells, 1999).
4 We perceive an '(oil) field' as 'a gathering of the reservoir, wells & facilities'.
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2.1.2 Field production life cycle
The four stages in the upstream petroleum industry of: exploration, appraisal, development 
and production are referred to as 'field life cycle' (Hultzsch, Lake & Gilbert, 2007). In our 
research, we are primarily interested in the production stage5; therefore we refer to the 
'field production life cycle', rather than 'field life cycle'. In contrary to Owei's (1984) focus on 
'product life cycle of oil' in the market, our focus is on the 'field production life cycle', 
independent of the market. Figure 2.1 presents our 'field production life cycle' (based on 
Morris & Lafitte, 1991; Owei, 1984).
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Figure 2.1 -  Field production life cycle (based on Morris & Lafitte, 1991; Owei, 1984)
At stage 1 (Field production development), there is a slow growth of production, since the 
operator is dealing w ith technical problems and uncertain patterns of reservoir behavior 
(Owei, 1984). Uncertainty of reservoir behavior is the highest in the early life o f field 
production (Aziz et al., 2009). High investments are required to develop the field (Morris & 
Lafitte, 1991). Once the field is developed, the level o f field production starts to increase, 
whereas the level of uncertainty in the oil field slowly starts to decrease (stage 2). Oil 
production in this second stage is referred to as 'primary oil' (cf. Mahroos, 2005; Mahroos & 
Zubari, 2009). During primary production, the oil produced easily flows from the reservoir to 
the wells by natural forces w ithin the reservoir (Hyne, 2001; Mahroos, 2005). On average, 
primary production has a recovery factor o f 30 to 35% (Hyne, 2001). Stages 1 & 2 are 
referred to as being a 'Greenfield' (low level of field maturity). At stage 3 (Field production
5 Because of the focus of the ISAPP research consortium our focus is on the production stage.
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maturity), the field is maturing; secondary (3a) and tertiary production applications (3b) can 
be used to increase the production rate. Secondary production ('secondary oil'), like gas- 
injection and water-injection (waterflooding) (cf. Babadagli, 2005; Conway, 1999; Hyne, 
2001; Mahroos, 2005; Mahroos & Zubari, 2009) can be used to increase the production rate 
after primary production is declining. Waterflooding (secondary production), fo r example, is 
believed that it "w ill recover half-again as much oil as was produced under primary" 
(Conway, 1999: 80). During stages 2 (primary production) and 3a (secondary production) 
high earnings of cash production are generated (Morris & Lafitte, 1991). At stage 3b, tertiary 
production ('tertiary oil') takes place. Examples of tertiary production applications are: 
thermal flooding and chemical flooding (cf. Babadagli, 2005; Conway, 1999; Hyne, 2001; 
Mahroos, 2005; Mahroos & Zubari, 2009). Tertiary production can have a maximum 
recovery factor of 70% (out o f the total initial oil in place) (Mahroos & Zubari, 2009). An 
advantage of developing mature oil fields through tertiary production is that "the data, 
information and experience gathered throughout the production life that would significantly 
minimize the geological and technical uncertainties" (Babadagli, 2005: 8). Tertiary 
production requires high investments in technology (Morris & Lafitte, 1991), and coincides 
with high Capability Expenditures (CAPEX) and Operating Expenditures (OPEX) (Babadagli, 
2005). Therefore, the use of tertiary production applications depends on thorough 
economic analysis (Babadagli, 2005). At this third stage, the level of oil field uncertainty 
declines to a large extent; the operator is familiar w ith the patterns of reservoir behavior. 
Resolving this type of technical uncertainty is referred to as 'active learning' (Ross, 2004). At 
stage 4 (Field production decline) the level of oil field production is declining dramatically; 
the field will be abandoned. Stages 3 & 4 are referred to as being a 'Brownfield' (high level 
o f field maturity).
The length o f each of the field production life cycle stages can vary to a great extent (Owei, 
1984), and is unpredictable. According to Owei (1984), the major advantage of using this 
concept is "that it provides insights into the developments at the various stages of the 
products life [field production life] so that the decision maker is aided to improve his/her 
future planning" (p. 5). Managing the oil field varies from stage to stage (Mahroos, 2005). 
Decision-making in all stages of field production life cycle depends on correct usage of 
uncertain information. Lack of adequate uncertainty management is predominantly a 
problem of organizing the business process and providing access to consistent data and 
information (Yawanarajah et al., 2008). As such, we are not predominantly interested in 
types of production applications used in each of the stages; rather we are interested in the 
ways of organizing in each of the field production life cycle stages.
Upstream process domains
Another distinction is important, in addition to the field level. Three other levels in the 
upstream petroleum industry can be distinguished: Operating Unit, asset and well (Jansen et 
al., 2005). Another distinction is time, in terms of days, years and decades. These two 
distinctions (level and time) together result in three upstream process domains: (i) 
Production operations; (ii) reservoir management, and; (iii) portfolio management (Jansen 
et al., 2005). Figure 2.2 represents these upstream process domains (based on Jansen et al., 
2005).
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Figure 2.2 -  Upstream process domains (based on Jansen et al., 2005)
Production operations. In the upstream petroleum industry an often-made distinction is 
between production wells (or producers) and injection wells (or injectors) (Bauquis & 
Bauquis, 2005; Hyne, 2001). Injection wells, like water-injection wells and gas-injection 
wells, can stimulate the oil flowing better and faster towards the production wells. Figure
2.3 represents a simplified overview of production and injection wells (based on Hyne,
2001).
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Figure 2.3 -  Overview of production and injection wells (based on Hyne, 2001)
Until the early 1980s, the upstream petroleum industry mainly used vertical wells. These 
vertical wells could only reach a small part of the reservoir's compartments (Brouwer,
2004). Therefore, for reaching each of the reservoir's compartments, a new well had to be 
drilled. The oil is located inside the reservoir rock (see Figure 2.3). By the end of the 1980s, 
drilling horizontal wells became technically possible (Brouwer, 2004). These horizontal wells 
"have a much larger contact area with the reservoir, a result of which higher production 
rates can generally be achieved" (Brouwer, 2004: 4). The next type o f wells was the 
multilateral well, which further increased the area of contact between well and reservoir 
(Brouwer, 2004). Figure 2.4 provides types o f wells (provided by Brouwer, 2004).
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Figure 2.4 -  Well types (Brouwer, 2004)
Reservoir management. Reservoirs of oil & gas that are easy to develop are referred to as 
'conventional reservoirs'. Unconventional oil & gas reservoirs are difficult to develop 
(Miskimins, 2009). In §2.2.2, we elaborate on 'unconventional reservoirs'.
Portfolio management. Portfolio management emphasizes the organization's total 
operations (Morris & Lafitte, 1991). Assets (groups of oil and gas fields) within portfolio 
management are evaluated, in terms of their: added value, risk and uncertainty (Morris & 
Lafitte, 1991; Ross, 2004). A well developed portfolio consists of a variety of assets (Morris 
& Lafitte, 1991) at various stages o f maturity (Philips et al., 2007). A balance between assets 
at the primary and secondary production stage (high earnings cash production, see Figure 
2.1) can finance high investments in technology for assets at the tertiary production stage 
(Morris & Lafitte, 1991).
The characteristics of the upstream petroleum industry provide the context of this research, 
in specific to be able to understand our results in Chapter 5.
In Figure 1.2 the current issues in the upstream petroleum industry were identified as the 
antecedents for the implementation of Smart Oil Fields. These current issues are discussed 
in §2.2.
2.2 Current issues in the upstream petroleum industry
In Chapter 1, a brief introduction to three current issues in the upstream petroleum industry 
was provided: (i) Increasing demand for energy (Hickman, Guidry & Seaton, 2008; Rawdon,
2003); (ii) Operating in difficult oil fields (Brufau, 2008; Hickman, Guidry & Seaton, 2008; 
Rawdon, 2003; Saggaf, 2008), and; (iii) the Big Crew change (Brett, 2007; Edwards, Saunders 
& Moore-Cernoch, 2006; Heaney & Davidson, 2006; Hickman, Guidry & Seaton, 2008; 
Knoppe & Holloway, 2008; Popham & Edwards, 2009; Tealdi, Kreft & Donachie, 2006).
2.2.1 Increasing demand for energy
Rawdon (2003) observes that the world population is currently 6 billion and that the United 
Nations expects the population to grow to 9 billion by 2050. The population growth can
37
especially be observed in Developing countries, w ith a population level o f 5,145 million in 
2007, and an estimated population level of 6,700 million by 2030 (OPEC, 2009). The increase 
in population alone will result in demands for more energy (Rawdon, 2003). Brufau (2008) 
distinguishes two main demand factors for the increasing demand fo r energy. First, the 
change in consumption dynamics over the past three decades. Economic growth per person 
resulted in improvements in quality o f life (Brufau, 2008). More electronic devices per 
person imply increasing demand for energy. Second, Brufau (2008) observes the increasing 
importance of transport in final oil demand. According to Brufau (2008: 18): "Sound global 
economic growth, expected to exceed 4 per cent in the medium and long term, will 
continue to drive the strong growth of final demand in the transport sector, particularly in 
developing countries". Apparently, both changes in consumption dynamics and increasing 
importance o f transport result in an increase in demand fo r energy. OPEC (2009) provides 
exact figures on world oil demand. OPEC distinguishes different regions in the period 2008 
to 2030 (in million barrels of oil per day).
Region 2008 2010 2015 2020 2025 2030
North America 24.3 23.4 23.6 23.4 23.1 22.8
Western Europe 15.2 14.6 14.5 14.3 14.1 13.8
OECD Pacific 8.0 7.5 7.4 7.2 7.0 6.8
OECD 47.5 45.5 45.5 45.0 44.3 43.4
Latin America 4.8 4.8 5.2 5.6 5.9 6.2
Middle East & Africa 3.2 3.3 3.7 4.2 4.7 5.2
South Asia 3.5 3.5 4.4 5.5 6.7 8.2
Southeast Asia 5.8 5.9 6.6 7.4 8.2 9.0
China 8.0 8.3 10.4 12.3 14.1 15.9
OPEC 7.7 8.2 9.0 9.8 10.6 11.5
Developing Countries 33.0 34.0 39.3 44.8 50.2 56.1
Russia 3.1 3.2 3.3 3.5 3.6 3.7
Other transition economies 2.0 1.9 2.1 2.2 2.3 2.4
Transition economies 5.1 5.1 5.4 5.7 5.9 6.1
World oil demand 85.6 84.6 90.2 95.4 100.4 105.6
Table 2.1 -  World oil demand outlook (OPEC, 2009)
2.2.2 Operating in difficult oil fields
Oil depletion, according to Benavides (2008), will essentially depend on three factors (after 
estimating available reserves): market prices, global demand and technological advances. 
We only elaborate on the last two factors. Petroleum companies claim that there is hardly 
any easy accessible oil reservoir left (cf. Knoppe & Holloway, 2008). Therefore, the 
percentage o f producing oil fields is decreasing. Often alternative sources of energy are 
mentioned as substitutes for hydrocarbons. However, as Saggaf (2008) argues, "although 
the supply from alternative sources of energy (e.g., nuclear and renewable energy) is 
increasing, the increase is expected to be small" (p. 54). Alternative sources are rather to 
complement and supplement, instead of replacing the use of hydrocarbons (Saggaf, 2008). 
Since alternative sources of energy do not (currently and in the near future) meet the 
demand, global demand still relies on supply of oil. OPEC (2009) provides exact figures on 
world oil supply. OPEC distinguishes different regions in the period 2008 to 2030 (in million 
barrels o f oil per day).
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Region 2008 2010 2015 2020 2025 2030
US & Canada 10.8 10.9 11.5 12.1 12.5 13.1
Mexico 3.2 2.8 2.5 2.5 2.4 2.3
Western Europe 5.0 4.6 4.0 3.8 3.7 3.6
OECD Pacific 0.6 0.7 0.7 0.7 0.7 0.7
OECD 19.6 19.0 18.7 19.1 19.3 19.6
Latin America 4.1 4.4 4.9 5.6 6.0 6.2
Middle East & Africa 4.4 4.4 4.2 4.1 4.0 3.8
Asia 3.8 4.1 4.2 4.3 4.2 3.8
China 3.8 3.9 4.0 4.0 4.2 4.4
Developing Countries, excl. OPEC 16.1 16.7 17.3 18.0 18.3 18.3
Russia 9.8 9.6 10.2 10.5 10.6 10.6
Other transition economies 2.9 3.4 4.0 4.4 4.7 5.1
Transition economies 12.7 12.9 14.2 14.9 15.4 15.7
Processing gains 1.9 1.9 2.2 2.3 2.5 2.7
Non-OPEC 50.3 50.6 52.4 54.3 55.4 56.3
of which: non-conventional 3.1 3.5 5.0 6.8 8.6 10.7
NGLs 5.5 5.7 6.2 6.8 7.0 7.2
OPEC NGLs 4.3 4.7 5.8 6.7 7.4 8.0
OPEC GTLs 0.0 0.1 0.3 0.4 0.4 0.5
OPEC crude 31.2 29.3 32.0 34.3 37.4 41.1
World oil supply 85.8 84.7 90.5 95.7 100.7 105.9
Table 2.2 -  World oil supply outlook (OPEC, 2009)
A simple comparison between OPEC's (2009) figures of World oil demand and World oil 
supply indicates that the world oil supply meets the world oil demand. At first sight, this 
seems contradictory to the often-made statement of a decrease in supply of energy (cf. 
Saggaf, 2008). However, operating in increasingly difficult oil fields has an impact on future 
supply. Brufau (2008) notes two supply factors related to operating in difficult oil fields.
First, maturation of oil fields. Most of the large oil fields have been exploited since the 
1960s and 1970s; therefore their production has declined significantly in the last two 
decades (Babadagli, 2005). Indicators o f maturity are decreasing pressure, ageing 
equipment and increasing water and gas production (Babadagli, 2005). Enhanced 
production (secondary and tertiary production) is required to deal with the decline o f the 
current oil fields (Brufau, 2008). However, the level o f maturity of oil fields varies in oil 
regions worldwide (Mahroos, 2005). Whereas the United States is considered as a mature 
region, the majority of the oil fields in the Middle East are reaching the end of the ir primary 
production stages (Mahroos, 2005; Mahroos & Zubari, 2009). Figure 2.5 presents oil 
recovery maturation stages of different regions worldwide.
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Figure 2.5 -  Oil recovery maturation stages (Mahroos & Zubari, 2009)
Second, increasing unconventional oil fields. As the 'easy' oil and gas reserves become 
increasingly scarce, the upstream petroleum industry is aware of the need to develop 
unconventional resources in more complicated operating environments (Yawanarajah et al., 
2008). Unconventional resources (in unconventional reservoirs) include heavy oil, ultra 
deepwater oil and gas, tar sands and gas-to-liquids (Miskimins, 2009; Tye, 2010; 
Yawanarajah et al., 2008). These unconventional resources are difficult to develop 
(Miskimins, 2009) and expensive to extract (Tye, 2010). Improved technologies are required 
to recover this type of resources (Miskimins, 2009). This can be referred to as operating in 
'environmentally sensitive areas' (CERA, 2010).
Besides these environmentally sensitive aspect o f oil fields, operating in geo-politically 
unstable regions (Gryskiewicz & Knoppe, 2009) also affect the upstream operations. A good 
example is the currently political unstable situation in Nigeria. M ilitant attacks on oil 
facilities and sabotage in Nigeria (Smith, 2009) are common with which staff has to deal 
w ith in this difficult safety environment. This can be referred to as operating in 'geo­
politically sensitive areas'.
2.2.3 The big crew change
A complicating factor affecting the operation o f Smart Oil Fields to be mentioned is the fact 
that a large proportion o f the current crews will be pensioned in the years to come and 
make way for younger, more scientifically trained, and less numerous personnel. Within the 
industry this is referred to as 'the Big crew change'. Several factors are indicating the Big 
crew change.
First, as previously mentioned, a large proportion of the current crews will be pensioned 
in the years to come. To predict the number of current crews leaving the petroleum 
industry, Tealdi, Kreft & Donachie (2006) looked at the demographics o f SPE6 membership 
from 1997 till 2005. According to them, population of people over 50 years of age has 
increased with time reaching the value of 40% of the total population.
6 SPE = Society of Petroleum engineers.
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Second, the industry is facing difficulties in attracting smart young graduates (Tealdi, 
Kreft & Donachie, 2006). The number of graduates w ith petroleum-related degrees is falling 
in most western countries (Treat et al., 1994). Fewer students obtain a technical degree, 
and if so, they often do not prefer to work in the petroleum industry, due to its unpopular 
image (Treat et al., 1994). News breaking issues of the past and present, concerning 
environmental pollution and governments that were violating human rights as business 
partners, still affect the image of the petroleum industry today. As a result o f a large 
proportion leaving the petroleum industry, and fewer graduates entering the industry, a big 
gap in experience occurs. To estimate the experience gap, LeBas & Edwards (2007) 
conducted a survey. Based on the ir survey results, they conclude: "The distribution is 
heavily weighted between those w ith the 1 to 5 years of experience and those w ith greater 
than 25 years o f experience" (p. 2). The big gap is partly caused by the major lay-off of staff 
in the 1980s, which have not returned to the petroleum companies (Treat et al., 1994). 
Figure 2.6 visualizes the experience gap in the upstream petroleum industry, based on 
survey results of LeBas & Edwards (2007).
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Table 2.3 -  Experience gap in the upstream petroleum industry (LeBas & Edwards, 2007)
Several operating problems occur due to an increasingly inexperienced workforce in the 
petroleum industry (as partly provided by Tealdi, Kreft & Donachie, 2006):
(a) Young professionals cannot completely replace the old professionals. Reason is that 
"inexperienced workers lack the knowledge to make many of the decisions for which 
they will be responsible" (Gibson in: Heaney & Davidson, 2006: 2). Inadequate decision­
making (due to inexperience) results in enormous costs for the upstream petroleum 
industry, due to great production losses;
(b) Producing oil and gas fields are maturing and new finds are more complex to locate and 
develop (Tealdi, Kreft & Donachie, 2006). The need for E&P expertise is increasing due to 
the more complex to locate and develop producing oil and gas fields, while the 
availability of E&P expertise is decreasing;
(c) Changing demographics w ithin the petroleum industry raises many concerns for the 
coming decade including the identification, development and retention of an 
organization's future leaders (Paylow, Hickman & Zappa, 2006).
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The three current issues in the upstream petroleum industry are the antecedents for the 
implementation of Smart Oil Fields by petroleum companies (see Figure 1.2).
2.3 Smart oil fields
Petroleum companies respond to the current issues by implementing 'Smart Oil Fields'7 
(Adefulu, 2010; Kapteijn, 2002). In this research, 'Smart Oil Fields' is considered to contain 
two components: (1) Smart Oil Fields Technology, and; (2) Collaborative Work 
Environments. Murray et al. (2006) argue Smart Oil Fields need to contain three essential 
aspects, in order for the deployment o f Smart Oil Fields Technology to make a business 
impact: (a) hardware and systems; (b) data and standards, and; (c) people and skills. We 
discuss both hardware & systems and data & standards in §2.3.1 Smart oil fields technology. 
People and skills are discussed in §2.3.2 Collaborative work environments.
2.3.1 Smart oil fields technology
Smart Oil Fields Technology. In the last decade most major petroleum companies, like BP, 
Chevron, Saudi Aramco, Shell and StatoilHydro developed and deployed Smart Oil Fields 
Technology (Murray et al., 2006). Smart Oil Fields Technology is one of the key enablers to 
make oil fields smarter. Although exact figures o f benefits o f deploying Smart Oil Fields 
Technologies are difficult to provide, petroleum companies have made estimates on for 
example ultimate recovery increases, production increases, and operating costs reduction 
(cf. Murray et al., 2006; Potters & Kapteijn, 2005; Van den Berg, 2007). We provide an 
overview of industry-wide estimates (based on CERA, provided by Murray et al., 2006) 
compared to Shell's estimates (De Best & Van den Berg, 2006; Henderson, 2005; Potters & 
Kapteijn, 2005; Van den Berg, 2007) in Table 2.4.
CATEGORY CERA ESTIMATE SHELL ESTIMATE
Costs reduction (%) 3 -  25% 20%
Production increase (%) %6-1 10%
Recovery factor increase (%) 1 -  7% 8%
Table 2.4 -  Comparison of smart oil fields techno ogy benefits (based on De Best & Van den
Berg, 2006; Henderson, 2005; Murray et al., 2006; Potters & Kapteijn, 2005; 
Russo, Amoroso & Rolim, 2010; Van den Berg, 2007)
As can be observed from Table 2.4, Shell has made higher estimates of Smart Oil Fields 
Technologies' benefits than the petroleum industry as such.
Smart Wells. One of the applications of Smart Oil Fields Technology is the Smart Well. A 
Smart Well consists o f (a) measurement devices (mostly temperature and pressure) and; (b) 
control devices (for example remote control valves). From the year 2000 onwards, Shell 
installed nearly 200 Smart Wells globally. Improved Well and Reservoir Management and
7 In the petroleum industry varying names are used: I-fields (Chevron) (Unneland & Hauser,
2005); Digital Oil Field of the Future (CERA) (CERA, 2006); Integrated Operations (StatoilHydro) 
(Landgren & Sood, 2006); Smart Fields (Shell) (Lameda & Van den Berg, 2009); Field of the 
Future (BP) (Edwards, Saunders & Moore-Cernoch, 2006); Digital Oil fields (Schlumberger) 
(Bayerl et al., 2008).
42
higher ultimate recovery result from better control over production or injection flow  in the 
wells (De Best & Van den Berg, 2006). Glandt (2005: 281) summarizes following benefits of 
Smart Wells: (a) m onitor well operating conditions downhole; (b) image the distribution of 
reservoir attributes away from the well, and; (c) control the inflow and outflow  rates of 
segregated segments of the well.
Considering the high costs of drilling a well, combining several wells into one Smart Well 
(instead of building separate conventional wells) reduces the drilling costs significantly (De 
Best & Van den Berg, 2006).
2.3.2 Closed-loop well and reservoir management
To cope with the current issues in the upstream petroleum industry, it was recognized that a 
more integrated approach to oil production is required. Primary production only covers 
averages of 30 to 35% of the oil in place out o f the reservoirs (Hyne, 2001). To gain more oil 
out o f the reservoirs, several petroleum companies have introduced a model-based control 
o f oil production, in order to further improve enhanced oil recovery8 and production. Recent 
'closed-loop' or 'real-time' initiatives for enhanced hydrocarbon production, w ith varying 
names, have received growing attention. Although similar concepts o f 'closed-loop 
management' are initiated, the focus (in terms of life control loop) of these initiatives 
differs. According to Jansen et al. (2009) most initiatives primarily focus on optimization of 
short-term production (i.e. Production operations, see Figure 2.2) as distinct from life cycle 
optimization (i.e. Reservoir management, see Figure 2.2). The ISAPP research program (and 
therefore Shell as part of this research program) focuses on life cycle loop optimization o f oil 
fields (i.e. Reservoir Management), also referred to as 'Well and Reservoir Management' 
(WRM) (Jansen et al., 2009).
ISAPP developed a model for 'closed-loop reservoir management processes' (see Figure 
2.6). This model consists of a (physical) system containing a reservoir, wells and facilities 
(Jansen et al., 2009). Water injection, gas lift, or (chemical) liquids are the input into the 
system (Jansen et al., 2009). Input into a system is often presumed as 'controllable' by the 
organization. However, Jansen et al. (2009) argue, "...even the input into the system is only 
known to a limited extent" (p. 2). According to Jansen et al. (2009) 'unknown inputs' can be 
referred to as 'noise'. Outputs are referred to as the 'measured output', which measure 
levels of oil, water and gas production. After measuring the output, data assimilation (i.e. 
computer-assisted history matching) takes place (Jansen et al., 2009). Data assimilation can 
update, and therefore reduce uncertainty in geological, reservoir and well models. Based on 
updated models, optimization decisions are taken (loop B). Jansen et al. (2009) explain that 
the closed-loop reservoir management concept consists of two loops: (a) model updating 
through data assimilation (loop A), and (b) model-based optimization and decision-making 
(loop B).
8 According to Hyne (2001: 443): "During enhanced oil recovery (EOR), substances that are not 
naturally found in the reservoir are injected into the reservoir".
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Figure 2.6 -  Key elements of the closed-loop reservoir management process 
(Jansen et al., 2009)
A closed-loop reservoir management could imply the perfect optimization system, w ithout 
human interference. However, as Jansen et al. (2009) note "'closed-loop' does not imply 
removal o f human judgment from the loop" (p. 2). In fact, the closed-loop system does not 
make decisions itself, but only provides more accurate data and models as an antecedent 
for decision-making. Decision-making still needs to be done by humans. The oil production 
process is unpredictable, which results in a great number of varying situations. Therefore, it 
cannot be standardized and fully automated. It requires decision-making by humans, to 
judge the greater number o f varying situations. Because of human interference into the 
closed-loop system, this system in fact, can never be technically fully closed. A perfectly 
closed loop would imply no delays, no mistakes as a result o f human action. However, these 
models will never be perfect, and therefore a perfectly closed-loop system cannot be 
achieved. Petroleum companies can aim fo r closing the loop as much as possible by 
improving collaboration and decision-making by shaping good work environments. Many 
large petroleum companies implemented Collaborative Work Environments in order to 
support and improve collaboration and decision-making in Smart Oil Fields.
2.4 Collaborative work environments
The implementation of Smart Oil Fields often requires a transformation of work processes 
and staff (Van den Berg, 2007). CWEs can be perceived as the platform on which Smart Oil 
Fields operate. Collaborative Work Environments are being implemented by the petroleum 
industry to access data (which results from the Smart Oil Fields Technology), in order to 
enhance collaboration and decision-making between locations (Van den Berg, 2007). 
Accessing data and enhanced collaboration and decision-making require both cross­
functional (also referred to as 'multi-disciplinary') collaboration and virtual collaboration.
2.4.1 Potential benefits of collaborative work environments
The possibility to establish virtual, cross-functional collaboration (independent o f the 
location) has many benefits fo r the petroleum industry. Henderson (2005) and Vindasius 
(2008) mention following potential benefits of CWEs: (a) CWEs provide the flexibility to
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leverage the best available skills globally for projects in any location. Experts can support 
colleagues in real-time, using the same data and applications which allows for faster 
problem solving; (b) CWEs reduce travel, which not only reduces costs, but also significantly 
improves the productivity of key staff and work-life balance; (c) CWEs reduce HSE exposure 
by increasing the range of activities that can be managed remotely; (d) CWEs enable 
physical or virtual proximity between decision-makers on the rig/fie ld /p latform  and the 
office; (e) CWEs facilitate improved communication between technical, engineering, 
operations, and support disciplines that are responsible for project and/or asset 
performance, and; (f) CWEs provide ready and easy access to tools and applications for 
'show and te ll' analysis, and decision-making.
2.4.2 Staff in collaborative work environments
CERA (2006) divides upstream petroleum company's staff in two main categories: (i) 
Operations staff, and; (ii) Technical staff. Operations staff is responsible for opening and 
closing valves, maintaining and replacing broken down pumps, etc. Their main priority is to 
keep the production running at the production location itself. In turn, the operations staff 
can be further subdivided into Field personnel (e.g., pumpers, maintenance technicians) and 
Field management. According to CERA (2006) Field personnel is not very affected by the 
implementation of Smart Oil Fields. Field personnel see few problems for transforming from 
field workforces to Smart Oil Fields style operations. Field management, in contrary, has an 
important role to play in the implementation of the Smart Oil Fields. CERA (2006) argues 
that they have "found a strong correlation between field management's attitude toward 
(and support of) a DOFF [Digital Oil Field of the Future] project and its ultimate success" (p. 
16). The implementation of Smart Oil Fields places different demands on the upstream 
petroleum company's technical staff (e.g., geologist, geophysicists, reservoir engineers, 
production engineers) and is by far more challenging than it is fo r operations personnel. 
Technical staff gathers data about the behavior of wells and reservoirs. They are located in 
offices at (a long) distance from the production location(s). Figure 2.7 represents the 
upstream petroleum company's staff of an Operating Unit.
Field personnel
Operations staff
Upstream petroleum company's 
staff of Operating Unit
Field management
Technical staff
Figure 2.7 -  Upstream petroleum company's staff of operating unit (based on CERA, 2006)
In the past, operations and technical staff have been organized in different ways. §2.5 
provides an overview of organizational designs used in the petroleum industry. It provides a 
background for our research topic: organizational design challenges o f Collaborative Work 
Environments (see Figure 1.2).
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2.5 Organizational designs in the petroleum industry
The petroleum industry has witnessed continuous switching between types of 
organizational design (cf. Treat et al., 1994). Figure 2.8 represents types of organizational 
designs used in the petroleum industry over time.
1940 1950 1960 1970 1980 1990 2000
ERA 1: Functional organization ERA 2: Matrix ERA 3: ERA 4: ERA 5:
organization Functional Process- Matrix
organization based organization 
organization
Figure 2.8 -  Types of organizational design used in the petroleum industry over time
In accordance with Figure 2.8, each of the eras is discussed in turn.
ERA 1 (1940 -1960): Functional organization
In the 1940s, the functional organization dominated the petroleum industry (Treat et al.,
1994). When similar activities are grouped together into a department, this is referred to as 
'functional grouping' (Anand & Daft, 2007; Daft, 2004). These functional activities are 
grouped in specialized departments (Anand & Daft, 2007). The size, time scale, and risk of a 
petroleum company's investments placed an enormous responsibility on top management 
for planning and investment appraisal (Grant & Cibin, 1996). "As a result of these 
coordination and planning responsibilities, the oil majors developed organizational 
structures that were more centralized than those of other industrial corporations of 
comparable size" (pp. 167-168). The functional organization lasted for about 30 years. In 
§3.3, we will elaborate on this type o f grouping and organization.
ERA 2 (1970s): Matrix organization
During the 1950s, Shell struggled w ith two fundamental coordination issues in the 
organization: First, finding a balance between central offices and local Operating Units; 
second, finding a balance between the total of business functions as managed from the 
center and the great variety of local contexts of the Operating Units (Howarth & Jonker, 
2007: 137). A combination of (a) functional coordinators (like upstream, manufacturing and 
marketing) and (b) area coordinators (like Middle East and East & Australasia) resulted in 
Shell's new matrix organization. Figure 2.9 provides a simplified representation of Shell's 
new matrix organization after their reorganization in the period of 1957 - 1960.
In the 1970s, the matrix organization was considered as the innovation of the petroleum 
industry (Treat et al., 1994). According to Treat et al. (1994) many petroleum companies 
were unable (or unwilling) to decide to either focus on functions or processes, and therefore 
included both in a matrix organization. The essence of a matrix organization is that most 
employees have two managers; one functional and one project manager (Knabe et al.,
2002). By the mid-1970s, all major petroleum companies did undergo a radical restructuring 
into matrix organizations, resulting in a more decentralized, market-responsive archetype, 
except for Shell (Grant & Cibin, 1996). Shell already had a matrix organization after their
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reorganization of 1957-1960 (Sluyterman, 2007). In §3.3, we will elaborate on this type of 
organization.
Figure 2.9 -  Simplified representation of Shell's matrix organization after reorganization of 
1957 -  1960 (based on Howarth & Jonker, 2007)
ERA 3 (1980s): Functional organization
In the early 1980s, nobody in the petroleum industry thought staff would be laid o ff 
(Kleiner, Roth & Thomas, 2000). However, price shocks of oil and gas in the 1980s resulted 
in major cost cuttings (Treat et al., 1994). These price shocks caused petroleum companies 
to rethink the ir organizational design (Hagist, 1994; Treat et al., 1994). Petroleum  
companies needed to move fast to stop the bleeding (Treat et al., 1994). However, the 
layered (Hagist, 1994) functional organization hindered a rapid restructuring that was 
required to survive the price shocks. Massive losses of revenues resulted in cost reduction, 
which is best accomplished by reducing work (Treat et al., 1994). "In a functional 
organization, however, this is nearly impossible because almost no meaningful work is 
accomplished w ith in a single function. Instead, most work crosses organizational 
boundaries" (Treat et al., 1994: 121). Grant & Cibin (1996) note that, between 1982 and 
1986, major petroleum companies (except fo r Shell) announced radical restructuring  
programs, which included a reformulation o f business strategies w ith in core oil and gas 
businesses and reduction of staff. Shell did not restructure its organization in a major way, 
but did reduce a great number o f staff (see Table 2.5). Although petroleum companies 
reduced a great number of the ir staff, the actual amount of work remained the same (Treat 
et al., 1994) or even increased (cf. Luiten van Zanden, 2007).
Table 2.5 provides a comparison between the amount of work (in terms of production of 
crude oil) and employment among three o f the largest petroleum companies in the period 
of 1980 - 1990 (based on Grant & Cibin, 1996; Luiten van Zanden, 2007).
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Petroleum company 1980 1982 1984 1986 1988 1990
BP
(a) Production of crude oil n.a. n.a. 66,675,000 75,285,000 81,375,000 n.a.
(net in metric tons)
(b) Number of employees 118,000 149,000 130,000 127,000 126,000 118,000
Exxon
(a) Production of crude oil 90,562,500 74,445,000 86,887,500 94,290,000 92,957,746 82,253,521
(net in metric tons)
(b) Number of employees 177,000 173,000 150,000 102,000 101,000 104,000
Shell
(a) Production of crude oil 70,980,000 71,715,000 84,472,500 94,657,500 92,557,500 99,540,000
(net in metric tons)
(b) Number of employees 161,000 165,000 149,000 138,000 134,000 137,000
Table 2.5 -  Amount of work and employment among three of the largest petroleum
companies in the period of 1980 -  1990 (based on Grant & Cibin, 1996; Luiten van 
Zanden, 2007)
The petroleum industry went from a phase o f diversification in the period of 1974-1982 to a 
period o f focus in the mid and late 1980s (Grant & Cibin, 1996). As a result o f the changed 
business strategy; in the 1980s, the functional organization dominated most oil companies 
again (Treat et al., 1994). Dominance of the functional organization did not remain for a 
long period of time. Petroleum companies continued their quest fo r new organizational 
design forms.
ERA 4 (1990s): The process-based organization
In the 1990s, Business Process Reengineering (BPR) entered the petroleum industry (Treat 
et al., 1994). BPR is a radical concept, which focuses on improvements in business processes 
(Al-Mashari & Zairi, 2000; Chan & Choi, 1997; Love & Gunasekaran, 1997; O'Neill & Sohal, 
1999), rather than on function, product or service (Al-Mashari & Zairi, 2000). BPR's primary 
objective is to achieve significant improvements in coping w ith contemporary customer 
requirements of quality, speed, and innovation (Chan & Choi, 1997; Love & Gunasekaran,
1997). Under the influence of BPR, petroleum companies changed the ir organization 
towards a horizontal, process-based organization (Treat et al., 1994). In §3.3, we will 
elaborate on this type of grouping and organization.
The petroleum industry has witnessed continuous switching between functional and 
process-based organizations (Treat et al., 1994). Figure 2.10 presents a few benefits o f both 
organizational design forms (as provided by Treat et al., 1994).
Functional Organizationlbenefits Process-based Organization (Horizontal 
Organization) Benefits^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H
• Maximum development and utilization 
of specialized skills
• Cost effective divisions of labor
• Economies of scale in plant and 
equipment
• Convenient development of 
centralized coordination and control
• Effective hiring of, and clear career 
paths for, specialized experts
• Better coordination and integration of 
work
• Quicker response times
• Simpler cost controls
• Higher levels of creativity
• Greater job fulfillment
Figure 2.10 -  Benefits of the functional and process-based organization (Treat et al., 1994)
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ERA 5 (2000 - up to now): The return of the matrix
In the last decade, two trends can be observed. First, to capture both functional 
requirements and the need to collaborate, petroleum companies have returned to the 
matrix organization (Guldemond, Ten Have & Knoppe, 2010). Second, whereas in the early 
1990s Business Process Engineering dominated the petroleum industry, nowadays Lean 
Production (LP) is the dominant way of thinking about business improvement. Lean 
production stresses the flow  of the production process, in order to reduce waste wherever 
they can, using leanness and flexibility as their main principles (Ähström, 1998; Arbós, 2002; 
De Treville & Antonakis, 2006; Kosenen & Buhanist, 1995; Womack & Jones, 2003).
Which type o f organizational design is most effective in which situation, depends on the 
objectives, as formulated by the organization (Collier, 1992). Therefore, insights into the 
most important objectives for Collaborative Work Environments in Smart Oil Fields are 
needed. We present these objectives in the next section.
2.6 Objectives of collaborative work environments and organizational 
design
Three objectives for Collaborative Work Environments in Smart Oil Fields can be identified 
as the most important: improving the quality of cross-functional collaboration, improving 
virtual collaboration, and improving decision-making. These objectives are discussed next.
2.6.1 Improving the quality of cross-functional collaboration
Operating oil fields is becoming increasingly complex. In the light o f maturing oil fields, 
finding solutions to complex well problems is increasingly difficult. In order to come up with 
solutions to complex well problems, input from experts w ith a variety o f technical 
backgrounds can be required (Hickman, Guidry & Seaton, 2008). In traditional work 
processes, a great number of problems were solved by so-called 'subject matter experts' 
working in rather isolation (Roland, Yttredal & Moldskred, 2008). In order to speed up the 
work process, subject matter experts from varying relevant disciplines are working as 
multidisciplinary teams in a collaboration room, which results in a great reduction in time 
required to reach decisions (Roland, Yttredal & Moldskred, 2008). However, in order to 
successfully establish cross-functional (or as often referred to as 'multi-disciplinary') 
collaboration in CWEs, breaking the functional silo mentality is needed (Gryskiewicz & 
Knoppe, 2009). In §3.6, we will elaborate on cross-functional collaboration.
2.6.2 Improving the quality of virtual collaboration
Virtual collaboration indicates collaboration between persons who are in geographically 
dispersed locations. Virtual collaboration has changed the way of collaborating in the 
petroleum industry. In the past, the first line of operation (i.e. the production location) and 
the second line of operation (i.e. expert support) were often dispersed across the 
organization. Sometimes support of external experts at distance (i.e. third line of operation) 
was required (Gulbrands0y, Heps0 & Skavhaug, 2002). Personnel in the petroleum industry 
has a long history and to a certain extent experience in working across multiple locations 
(and therefore over distance) by using existing technologies (Bayerl et al., 2008). Examples
49
of existing technologies used in the petroleum industry are: mail, phone, and audio­
conferencing (Bayerl et al., 2008). However, collaboration in the petroleum industry with 
existing technologies shifts towards collaboration in real time (Hickman, Guidry & Seaton, 
2008). Nowadays, collaboration increasingly takes places in a CWE. The CWE dedicated work 
space is equipped with advanced hardware and software systems, like video­
conferencing/audio, mobile cameras and computing devices (Philips et al., 2007; Vindasius,
2008). Unlike email and bulletin boards, Collaborative Work Environments can provide 
support for synchronous activities, and can provide real-time support for the sharing of 
visual artifacts, unlike telephone conference facilities (Churchill & Snowdon, 1998). In our 
research, the main emphasis is on virtual collaboration between (a) a Field office (located 
onshore, or offshore), and; (b) a Collaboration center (main office, located onshore), where 
both formal and informal collaboration takes place.
2.6.3 Improving the quality of decision-making
Several authors (Babadagli, 2005; Cassells, 1999; Yawanarajah et al., 2008) point out the 
relevance of data & information in the upstream (exploration & production) activities, due 
to uncertainty involved in the process (Costa & Schiozer, 2003), in order to make the right 
decision. Most petroleum companies expect real-time (instantaneous) decision-making will 
help to improve their oil & gas production from maturing fields, while reducing costs 
(Landgren & Sood, 2006). Collaborative Work Environments provide a context for "the 
exchange of real-time data aiming at closer onshore-offshore collaboration and improved 
decision-making" (Bayerl et al., 2008: 1). Improved decision-making will improve upstream 
operational excellence, reliability and efficiency (Unneland & Hauser, 2005).
Collaborative Work Environments are believed to shorten decision-making timescales and 
improve the quality o f decision-making, across several locations both operational and office 
(Bayerl et al., 2008; Edwards, Saunders & Moore-Cernoch, 2008). Strengthening decision­
making onshore and strengthening execution offshore is the purpose of decision-making 
across several locations in Collaborative Work Environments (Henriquez et al., 2008). 
Particularly relevant to the discussion o f decision-making in CWEs is the role of collaboration 
and the way cross-functional teams can improve the quality and increase the speed of 
decision-making (Taylor & Fosse, 2006). Generally, the petroleum industry perceives the 
installation o f cross-functional teams as a way to improve the decision-making process 
(Bayerl et al., 2008; Taylor & Fosse, 2006). In §3.6, we will elaborate on decision-making.
2.7 Major challenges for organizational design of collaborative work 
environments
In this section, we summarize major challenges for organizational design of Collaborative 
Work Environments in Smart Oil Fields.
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2.7.1 In search of the most effective organizational design for collaborative work 
environments
Our first major challenge is to determine which type o f organizational design is most 
effective for Collaborative Work Environments (Guldemond, Ten Have & Knoppe, 2010). 
Guidelines are required to support the most effective organizational design for CWEs.
In the previous section, we observed that petroleum companies can have different 
objectives for the ir Collaborative Work Environments. Therefore, petroleum companies first 
need to consider what the objectives for the ir CWE are, before structuring the organization 
o f the CWE. As applied to Well & Reservoir Management, these Collaborative Work 
Environments could improve the quality of: cross-functional collaboration, virtual 
collaboration, and decision-making. However, what kind o f implications do these objectives 
have for the organizational design?
2.7.2 Alignment of organizational design of operating unit and collaborative 
work environment
Our second major challenge is the alignment of the Operating Unit's organizational design 
with the organizational design of the CWE (Guldemond, Ten Have & Knoppe, 2010). In this 
research we focus on both the level of the Operating Unit itself, and the CWE within this 
Operating Unit. Most current organizational designs of Operating Units are divided into 
geographical areas. In turn, these geographical areas are organized into functional technical 
departments (for example Reservoir Engineers together in one department and Production 
Technologists in another department). Alignment o f the overall traditional functional 
organizational structures of the Operating Unit with the more organic structure o f the CWE 
is a real challenge (Guldemond, Ten Have & Knoppe, 2010). In the past, the petroleum 
industry had many different forms of organizational design and structure, as previously 
mentioned. Figure 2.11 visualizes the alignment between the organizational designs o f the 
Operating Unit w ith the Collaborative Work Environment.
51
Organizational design o f Collaborative Work Environment
Representative of subunit placed in the organizational design of the collaborative work 
environment
Figure 2.11 -  Alignment between the organizational designs of operating unit with collaborative 
work environment
Summary Chapter 2
•  High levels of uncertainty and risk are specific characteristics of the upstream 
petroleum industry. Because of its unique characteristics, the upstream petroleum 
industry is considered as one of the most knowledge-intensive industries;
•  The life cycle o f oil production in oil fields can be differentiated in a development, 
growth, maturity and decline stage, resulting in the concept of 'Field production life 
cycle';
•  The upstream petroleum industry faces three relevant current issues:
(i) Increasing demand for energy; (ii) operating in difficult oil fields, and; (iii) the Big 
crew change;
•  Petroleum companies respond to the current issues by implementing 'Smart Oil 
Fields', consisting o f Smart Oil Fields Technology and Collaborative Work 
Environments;
•  Benefits o f Smart Oil Fields Technology are: costs reduction (%); production increase 
(%), and; recovery factor increase (%). Collaborative Work Environments have many 
benefits, like: CWEs reduce travel and CWEs enable physical and virtual proximity 
between decision-makers at the field and office locations;
•  In the petroleum industry there is a continuous switch between different types of 
organizational design: functional organization, process-based organization, and 
matrix organization;
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•  Objectives of the organizational design of Collaborative Work Environments are, to 
improve the quality of: cross-functional collaboration; virtual collaboration, and; 
decision-making;
•  The first major challenge fo r organizational design o f Collaborative Work 
Environments is to determine which type of organizational design is most effective 
for CWEs. The second major challenge is the alignment of the organizational design 
o f the Operating Unit and CWE.
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CHAPTER 3
ORGANIZATIONAL DESIGN THEORIES
In the previous chapter, the technical control loop was presented in terms of closed-loop reservoir management. In this third chapter, the organizational control loop is introduced (in §3.1). In §3.2, we discuss the organizational design approach we will be using: 
Sociotechnical systems theory. The topic of organizational structure is discussed in §3.3. We 
explore two dimensions of organizational structure: differentiation, and coordination. In 
§3.4, we elaborate on complexities of and interdependencies between tasks. The last 
variable investigated in this research is competencies (discussed in §3.5). In §3.6, we search 
for distinctions and comparisons between traditional and virtual collaboration. In §3.7, we 
discuss the relationships between the variables o f our research, resulting in the conceptual 
model.
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3.1 Organizational control loop
Uncertainty is one of the main characteristics o f the upstream petroleum industry (Costa & 
Schiozer, 2003; Ross, 2004). This uncertainty can be further divided into: (i) technical 
uncertainty, fo r example about the estimate o f the amount o f oil initially in place in a field, 
and (ii) economic uncertainty, fo r example about the oil price (Ross, 2004). Technical 
uncertainty reflects an uncertain input into the technical system. The technical system9 
consists o f the reservoir, wells & facilities (Jansen et al., 2009). In Chapter 2, the technical 
control loop was presented. In this section, we switch from the perspective of a technical 
control loop to an organizational control loop. That way, insights can be gained into the 
organizational problems/tensions that are in the way o f closing the technical control loop as 
much as possible.
Van Amelsvoort (1992, 1995) presents a simple input-transformation-output model, often 
used in organization science. Input is what is being transformed into the desired output, and 
output is the products, which the system produces. In addition, there is information 
regarding the characteristics of the input, processes and output, and norms, which prescribe 
what the characteristics of input, processes, and output should be (Van Amelsvoort, 1995: 
3). Figure 3.1 represents an input-transformation-output model applied to the upstream 
petroleum industry (based on In 't Veld, 1998; Jansen et al., 2009; Van Amelsvoort, 1992,
1995).
Transformation
Input Technical system 
(reservoir, wells & 
facilities)
Output
f t Y
Norms ▲
Norms
Norms
Organizational system
■> Flow of materials 
__________Flow of information 
Figure 3.1 -  Input-transformation-output model applied to the upstream petroleum industry 
(based on In 't  Veld, 1998; Jansen et al., 2009; Van Amelsvoort, 1992, 1995)
As argued in Chapter 2, "the [material] input into the [technical] system is only known to a 
limited extent" (Jansen et al., 2009: 2). Petroleum companies use model-based control loops 
to simulate reservoir behavior and to estimate the amount of oil initially in place in a field. 
Output data is measured and used for data assimilation (Jansen et al., 2009). Data 
assimilation can update, and therefore reduce uncertainty in geological, reservoir and well 
models, as we saw in Chapter 2. In case of an uncertain input into the system, the system
9 Note that whereas we used the term '(oil)field' in Chapter 2 for 'a gathering of reservoirs, wells 
& facilities', in this chapter we use the term 'technical system'.
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primarily relies on feedback loops, instead of on feed forward loops (In't Veld, 1998; Van 
Amelsvoort, 1995). Feed forward requires that the disturbance in the system is known and 
measurable. Feedback refers to measuring the output of the system and to intervene prior 
to the transformation (In't Veld, 1998). Feedback creates conditions for learning (De Sitter,
1998). After providing an input-transformation-output model, it is possible to focus on the 
transformation (i.e. business process) (Van Amelsvoort, 1995).
In general, the upstream petroleum industry distinguishes only one business process for 
production: the physical extraction of oil and gas (Cassells, 1999). In turn, this business 
process is further divided into four control loops, based on different time scales for the 
decisions involved: (1) Real-Time Operations (with a timescale of 1 second -  1 day); (2) 
Production Optimization (with a timescale of 1 day -  3 months); (3) Well & Reservoir 
Management (with a timescale of 3 months -  2 years); and (4) Field Development Planning 
(with a timescale of 2 -  10 years) (based on Knoppe, 2008). Figure 3.2 represents the four 
control loops in the upstream petroleum industry (based on Knoppe, 2008).
Figure 3.2 -  Four control loops in the upstream petroleum industry 
(based on Knoppe, 2008)
From a systems theoretical perspective, an organization consists of three systems 
(Bemelmans, 1991: 61): (a) the primary transformation system, focusing on the design and 
production o f products. (b) The control system, differentiated into policy and control, and;
(c) the information system, focusing on producing control information for various levels of 
organizational decision-making. The business process requires control by humans and/or 
machines (Bemelmans, 1991). Structuring of the organization needs to have natural clusters 
o f executing and controlling activities and information relationships between them in place 
(Ten Have, 2008). Ten Have mentions these clusters together form a(n) (organizational) 
control loop. The organizational control loop of Ten Have can be combined with three 
control loops in the upstream petroleum industry (based on Knoppe, 2008; Ten Have, 2008) 
(see Figure 3.3).
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Intervention
planning Detect
Judge
Production Optimization
Well & Reservoir 
Norm Setting Management Evaluate
and
Adjust
Long term Field Development Planning 
planning ^
Figure 3.3 -  Three control loops of the upstream petroleum industry into an
organizational control loop (based on Knoppe, 2008; Ten Have, 2008)
The organizational control loop starts w ith Detect. In what follows, a diagnosis is made of 
the output of the system. In Judge the information is compared w ith the norms set before 
and intervention in the system is planned if necessary; in Evaluate and Adjust, the norms 
themselves are evaluated on the basis of the measurements from the system. Depending on 
the time scale of the control loop, either operational norms or long term planning can be 
adjusted. Intervention planning prepares to execute an activity in the system (Intervention 
planning). Activities in the oil production process are part of the Execute cluster.
Figure 3.3 shows three control loops: (i) Production Optimization ranging from detect, judge, 
intervention planning to execute; (ii) Well & Reservoir Management ranging from detect, 
evaluate and adjust, norm setting, judge, intervention planning, to execute, and; (iii) Field 
Development Planning ranging from detect, evaluation and adjust, long term planning, norm 
setting, judge, intervention planning, to execute. The control loop of Real-Time Operations is 
fully automated (and therefore not individually represented).
Ten Have (2008: 5) argues that for well-functioning organizations, organizational control 
loops need to be:
- Closed; the clusters like detect, judge, intervention planning and execute are connected;
- Short; in time and place closely aligned;
- Integrated; in all aspects of control (for example costs and quality).
In §2.1, three upstream process domains were distinguished: (i) Production Operations; (ii) 
reservoir management, and; (iii) portfolio management (see Figure 2.2). Furthermore, an 
overview of industry-wide estimates compared to Shell's estimates of Smart Oil Fields 
Technology benefits was provided (see Table 2.3). Figure 3.4 combines (a) the upstream
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process domains; (b) four control loops, and; (c) Smart Oil Fields Technology benefits (in 
terms of asset performance).
Upstream process Control loops Asset performance
domains
Figure 3.4 -  Upstream process domains, control loops and asset performance 
(based on Jansen et al., 2005; Russo, Amoroso & Rolim, 2010)10
Our research focuses both on (a) the integration o f the clusters within the control loop of 
Well & Reservoir Management, and (b) the integration between different control loops in 
the organizational control loop. In the petroleum industry, tensions can occur between 
members executing different control loops (for example Production Optimization as 
opposed to Well & Reservoir Management) w ith differing timescales (Production 
Optimization w ith a timescale of 1 week to 2 months, as opposed to Well & Reservoir 
Management w ith a timescale ranging between 2 months -  3 years, see Figure 3.2). Short­
term priorities of the control loop of Production Optimization (increasing the number of 
barrels o f oil now) can conflict w ith longer-time priorities o f maximizing oil recovery and 
production, which results in more barrels of oil in the future. Interesting questions are: Do 
shorter and longer-term priorities indeed lead to conflict w ithin Operating Units? If so, what 
are the motivations for choosing short over long-term priorities or vice versa?
This section emphasized the organizational control loop w ith its two main distinctions: 
Execute and control. In turn, control was divided into clusters of activities and information 
relationships, resulting in several control loops. In the next section, the emphasis shifts from 
an organizational systems theoretical perspective on organizations towards ways of 
differentiating and coordinating organizations according to different organizational design 
theories.
3.2 Organizational design theories
Organizational design aims to determine which organizational type is the most appropriate 
one, considering the external context (characteristics o f the organizational environment) 
and internal context (nature of the production process) (Boonstra, 1994). Organizational 
design refers to formal and informal arrangements (Nadler & Tushman, 1988, 1997). Formal 
organizational arrangements include two types of arrangements: processes, and structures,
10 Exact calculations of asset performance on control loops are beyond the scope of this
research (cf. Heinemann, Hoefner & Donlon, 1998; Russo, Amoroso & Rolim, 2010). Although in 
reality there is no clear one-to-one relationship, for reasons of simplicity we made this 
distinction.
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whereas informal arrangements include elements like values and attitudes (Nadler & 
Tushman, 1988). In this research, we focus on the formal organizational arrangements, like 
processes and structures, as distinct from  informal organizational arrangements. The 
research focus is on formal organizational arrangements, since they can have a great 
influence on the patterns of behavior and performance of staff (Nadler & Tushman, 1988). 
Focusing on the direct influence o f design on how people perform their work and behave 
w ithin an organization can help to provide effective guidelines for organizational design of 
CWEs to the petroleum industry.
Nadler & Tushman (1988: 39-40) mention three forms of influence exerted by formal 
organizational arrangements: First, the organizational arrangements can motivate behavior; 
through the creation o f goals, and the use o f reward systems, people can be directed and 
energized to behave in certain ways. Second, the organizational arrangements can facilitate 
behavior; by placing the person in proximity to others w ith whom the person needs to 
communicate, it can help people perform tasks. Third, the organizational arrangements can 
constrain behavior; by building formal procedures, the formal organization can lim it what 
people can do and prevent them from spending time and energy on activity required for 
task performance.
Scope of organizational design
Although we specified what we mean by the concept of 'organizational design' in Chapter 1, 
our definition still has a broad scope. Nadler & Tushman (1988) distinguish between 
'strategic organizational design', and 'operational design'. Figure 3.5 includes features of 
both types o f 'organizational design'.
1. Composition of organizational units
2. Reporting relationships among units
3. Other structural connections between units
4. Organization-wide information, measurement, and control systems
5. Organization-wide methods and procedures
6. Organization-wide work technologies _
7. Subunit work resources (tools, materials)
8. Subunit reward systems
9. Subunit physical work environment
10. Individual job design
Strategic
Organizational
Design
Operational
Design
Figure 3.5 -  Two types of organizational design and their features (Nadler & Tushman, 1988)
Our research focuses on the 'strategic organizational design', as distinct from 'operational 
design'. Now that we marked our scope, let us continue by exploring organizational design 
theories.
In the literature, two basic forms of organizational design are often distinguished: the 
functional organization, and the process-based organization. These two basic forms can be 
placed on the opposite sides of a continuum (see Figure 3.6).
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Functional Process-based
organization organization
Figure 3.6 -  Continuum of two basic forms of organizational design
We provide a brief overview of these two basic forms of organizational design.
Functional organization
Few management theorists have had such an influence on thinking on management as 
Frederick W. Taylor (Fry, 1976). His ideas on pushing for standardization in the design and 
use of tools, the use of time-motion methods, and an emphasis on specialization of tasks are 
known as 'scientific management' (Locke, 1982). By using the term 'scientific', Taylor 
referred to management based on research and experimentation, as opposed to being 
based on personal opinion, tradition, and rule of thumb (Locke, 1982). Despite receiving a 
lot of criticism on his principles of Scientific Management, like perceiving money as the only 
motivator for employees and overemphasizing specialization o f work (cf. Fry, 1976; Locke, 
1982), many of Taylor's principles are still relevant for today's thinking on management. An 
idea that is still very much alive is maximized specialization of tasks (Locke, 1982). The 
functional organization is considered as the traditional solution for heterogenic flows of 
input, transformation, and output (Kuipers & Van Amelsvoort, 2002). The functional 
organization facilitates maximized specialization o f tasks (cf. Duncan, 1979; Galbraith, 1971). 
Executing these (similar) specialized tasks takes place in specialized (functional) 
departments of the organization. Scientific Management forms one of the foundations of 
classic organizational design. Figure 3.7 represents a functional organization (based on 
Kuipers & Van Amelsvoort, 2002).
Process-based organization
Although Scientific Management served as one of the foundations of classic organizational 
design, alternative theories and approaches increasingly became apparent. Sociotechnical 
systems theory (STS) is an alternative approach reacting to the ongoing bureaucratization 
(De Sitter, Den Hertog & Dankbaar, 1997) as a result of Scientific Management. STS criticizes 
the functional organization, because it makes mutual adjustment and collaboration 
structurally impossible (De Sitter, 1998). Instead, an alternative structure by parallel order 
streams reduces the complexity of the organization (De Sitter, 1998). The process-based
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organization contains parallel order streams of homogeneous input, transformation, and 
output. Figure 3.8 represents a process-based organization.
*•
*■
------------------------- ►
Homogeneous input
Figure 3.8 -  Process-based organization
After having provided a brief overview of the functional organization and process-based 
organization, we continue by discussing organizational structure o f the operating unit.
3.3 Organizational structure of the operating unit
In our research, we define organizational structure as: The way an organization 
differentiates and coordinates its tasks. According to Daft (2004: 86) organizational structure 
has three key components: (a) it designates formal relationships, including the number of 
hierarchical levels and the span of control of managers and supervisors; (b) it identifies 
grouping together individuals into departments and of departments into the total 
organization; and (c) it includes the design o f systems to ensure effective communication, 
coordination, and integration of e ffort across departments.
3.3.1 Differentiation
The petroleum industry has witnessed continuous switching between functional and 
process-based organizations (Treat et al., 1994). Related to these two types of 
organizational design, we explore the dominant differentiation mechanisms: functional 
grouping, and process-based grouping. In our literature search on this topic, we found 
(almost exclusively) either classic scientific articles (cf. Duncan, 1979; Galbraith, 1974; 
Lorsch, 1977) or management textbooks (cf. Daft, 2004; Jones, 2004). Apparently, after the 
classic works o f the 1970s, differentiation seems to be common sense. We therefore rely on 
both classic work and management textbooks to describe this section.
Functional grouping. When similar activities are grouped together by performance of 
similar functions, or knowledge or skills required, this is referred to as 'functional grouping' 
(Anand & Daft, 2007; Daft, 2004). These functional activities are grouped in specialized 
departments (Anand & Daft, 2007). In the petroleum industry, organizations grouped their 
employees based on their specialization together: the engineers, the accountants, and
■ o ▲ Ya
■ o ▲
■ o ▲ $
■ o ▲ *77*
Process-based organization
Homogeneous output
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others (Treat et al., 1994), which resulted in a functional organization. Figure 3.9 presents 
an example of a functional organization in case of an Operating Unit in the petroleum 
industry (in an oversimplified situation).
Head of 
Operations
Figure 3.9 -  Example of a functional organization of an operating unit in the petroleum industry
Because of the grouping o f functional activities into specialized departments, the 
organization is able to support in-depth skill development, which is considered to be one of 
the key strengths o f the functional organization (Duncan, 1979; Galbraith, 1971; Uhl-Bien & 
Graen, 1998). Other advantages are economy of scale: by organizing into functional 
departments, employees can share the resources easily (Duncan, 1979; Galbraith, 1971); 
and it provides career paths for specialists (Galbraith, 1971; Uhl-Bien & Graen, 1998). 
Armistead & Rowland (1996: 47) argue functional departments provide "a warm feeling of 
security and stability, a position which is reinforced by the internal communication system 
which filters out the news from outside whether it is good or bad". However, functional 
grouping also has its drawbacks; as the environment becomes more uncertain and dynamic, 
many decisions requiring inputs from different functions are pushed to higher hierarchical 
levels, which slows down the process of decision-making (Duncan, 1979). As Duncan (1979) 
notes "lower-level managers do not have the information required for decision-making so 
they push decisions upward. Top-level managers become overloaded and are thus slow to 
respond to the environment" (p. 59). The emphasis on specialization pushes the decision­
making upwards, since only the top can oversee the inputs required for final decisions (Hax 
& Majluf, 1981). As for the petroleum industry, Hagist (1994) notes that despite several 
benefits o f the functional organization, "the layers of supervision were costly and the 
functional structure made it challenging to integrate disciplines effectively into the work 
process" (p. 2). Nevertheless, this type of structure is up to now widely used in the 
petroleum industry. Figure 3.10 provides an overview of strengths and weaknesses of the 
functional organization (as provided by Duncan, 1979).
Strengths Weaknesses
1. Best in stable environment 1. Slow response time
2. Colleagueship ('home') for technical 2. Bottlenecks caused by sequential tasks
specialists 3. Decisions pile at top
3. Supports in-depth skill development 4. If multiproduct, product priority conflict
4. Specialists freed from 5. Poor interunit coordination
administrative/coordinating work 6. Stability paid for in less innovation
5. Simple decision/communication network 
excellent in small, limited-output 
organizations
7. Restricted view of whole
Figure 3.10 -  Strengths and weaknesses of the functional organization (Duncan, 1979)
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Process-based grouping. In the 1990s, Business Process Reengineering (BPR) entered the 
petroleum industry (Treat et al., 1994). BPR influenced dominant thinking about 
organizational design, and changed organizational structures from functional into process- 
based organizations (Treat et al., 1994). According to Anand & Daft (2007) process-based 
grouping emphasizes organizing along business processes that link organizational 
capabilities to customers and suppliers. Process-based grouping in the petroleum industry 
would be similar "to  organizing around assets w ith similar characteristics, such as gas fields 
or enhanced recovery oil fields" (Hagist, 1994: 5). Organizing around assets could result in 
an asset team, which is a multifunctional group that concentrates on producing oil and/or 
gas in a particular field (Treat et al., 1994). Figure 3.11 presents an example o f a process- 
based organization in the petroleum industry in case of an Operating Unit (oversimplified 
representation).
Asset Team West 
(Operations, 
Development, and 
Engineering)
Asset Team North 
(Operations, 
Development, and 
Engineering)
Asset Director
Asset Team East 
(Operations, 
Development, and 
Engineering)
Figure 3.11 -  Example of a process-based organization of an operating unit in the petroleum 
industry
Daft (2004) notes that reengineering changed the way managers think about how work is 
executed. Instead o f structuring narrow jobs into functional departments, the emphasis is 
on organizing along core processes, w ith teams of employees working together to serve 
customers (Daft, 2004). Working w ith these teams enables the organization to: decentralize 
decision-making, closely interact w ith customers, and have quick communications between 
team members o f different functional backgrounds (Anand & Daft, 2007). The process- 
based organization has two major problems (Galbraith, 1971: 30): (1) the pure process- 
based organization must hire specialists for each process, incurring duplication costs; (2) no 
one is responsible for long-term technical development of the specialties. Figure 3.12 
provides an overview of strengths and weaknesses of the process-based organization (as 
provided by Duncan, 1979).
Strengths Weaknesses
1. Suited to fast change 1. Innovation/growth restricted to existing project
2. High product, project, or program visibility areas
3. Full-time task orientation (i.e., dollars, 2. Tough to allocate resources (i.e., computer, lab)
schedules, profits) 3. Shared functions hard to coordinate (i.e.,
4. Task responsibility, contact points clear to purchasing)
customers or clients 4. Deterioration of in-depth competence -  hard to
5. Processes multiple tasks in parallel, easy to attract technical specialists
cross functional lines 5. Possible internal task conflicts, priority conflicts
6. May neglect high level of integration required in
organization
Figure 3.12 -  Strengths and weaknesses of the process-based organization (Duncan, 1979)
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3.3.2 Coordination
Differentiation decisions have direct implications for coordination mechanisms. Petroleum 
companies which decide to group the ir organization by function will have different 
coordination mechanisms than petroleum companies which group their organization by 
process. Qureshi & Vogel (2001) relate the direct relationship of differentiation and 
coordination in terms of information required, by arguing, "Differentiation of parts of an 
organization and the ir diversity raises the level of information required for coordination and 
integration" (Qureshi & Vogel, 2001: 31).
Coordination mechanisms can be distinguished between 'vertical' and 'horizontal' 
coordination mechanisms (Sharma & Yetton, 2003).
VERTICAL COORDINATION MECHANISMS
Hierarchy. Hierarchy is perceived as the simplest, and therefore least expensive, 
coordination mechanism (Brown, 1999; Daft, 2004; Galbraith, 1973; Jones, 2004; Nadler & 
Tushman, 1997). According to Nadler & Tushman (1997) hierarchy of authority directly 
follows from grouping decisions (i.e. differentiation). Harris & Raviv (2002) argue that many 
organizations are designed as organizational hierarchies, consisting of one manager 
reporting to another one, in turn to only one manager at the next higher hierarchical level. 
Between organizations, there is a great variety in the number o f hierarchical levels and the 
forms of grouping (Harris & Raviv, 2002). Apart from the number of hierarchical levels, we 
are interested in the span of control.
Span of control. Span of control is also referred to as 'unit size' (Mintzberg, 1980). Span 
of control is "the number of subordinates a manager directly manages" (Jones, 2004: 317). 
One way to avoid organizations becoming too tall is by increasing manager's span of control 
(Jones, 2004).
Centralization. Centralization has to do with the organizational location o f authority to 
make decisions that affect the organization (Pugh et al., 1968). In case an organizational 
structure is centralized, information has to flow  to the top (center) of the organization. 
Duncan (1979) notes that the process o f gathering and processing the required information 
may require too much time in centralized structures, because all information has to flow  to 
a selected number at the top of the organization. In an environment w ith high levels of 
uncertainty, the top levels of the centralized organization get easily overloaded. Therefore, 
Duncan (1979) argues, more subordinates are needed to participate in the decision-making 
process, which he refers to as 'decentralization'.
Several authors (Daft, 2004; Duncan, 1979; Hax & Majluf, 1981; Jones, 2004; Treat et al., 
1994) mention the relationships between 'functional grouping' and 'centralization' on the 
one hand, and 'process-based grouping' and 'decentralization' on the other hand. As 
mentioned earlier, in a functionally grouped organization (i.e. functional organization) many 
decisions are pushed to higher hierarchical levels (i.e. centralization), which slows down the 
process o f decision-making. Organizing work around processes (i.e. process-based 
grouping) results in decentralization of decision-making (Anand & Daft, 2007). Team 
members closely interact w ith other team members and that allows them to take decisions 
related to the ir work (Anand & Daft, 2007).
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HORIZONTAL COORDINATION MECHANISMS
Horizontal coordination mechanisms11 are used to improve communication among 
departments, divisions, and units (Anand & Daft, 2007; Brown, 1999). Several authors 
provide an overview of horizontal coordination mechanisms (Brown, 1999; Nadler & 
Tushman, 1988). Figure 3.13 provides an overview of the structural coordination 
mechanisms according to different authors (as provided by Brown, 1999).
Brown (1999) provides a useful distinction between horizontal coordination mechanisms as 
structural overlays (such as roles and groups) and non-structural devices (such as physical 
collocation) in order to facilitate cross-unit collaboration. We start by exploring literature on 
'structural coordination mechanisms' followed by 'non-structural coordination 
mechanisms'.
Figure 3.13 -  Structural coordination mechanisms (Brown, 1999)
HORIZONTAL STRUCTURAL COORDINATION MECHANISMS
Direct contact. By having direct contact, managers of diverse groups can meet formally or 
informally to coordinate their activities and discuss their common problems (Daft, 2004; 
Duncan, 1979). Direct contact is a more complex coordination mechanism than a hierarchy 
o f authority (Duncan, 1979; Galbraith, 1971). In order to encourage direct contact between 
people, they can be located closely together (Daft, 2004). Direct contact at a distance often 
uses rich forms of media (Daft & Lengel, 1986), like videoconferencing (Martins, Gilson & 
Maynard, 2004; McGrath & Hollingshead, 1994).
Liaison role. In situations where two or more groups are involved in intensive problem­
solving situations, the assignment of certain people who act as liaison roles can be required 
(Nadler & Tushman, 1997). A liaison role is a formal communication link between two
11 In the literature, horizontal coordination mechanisms are also referred to as 'horizontal 
mechanisms' (Brown, 1999), 'horizontal linkage mechanisms' (Anand & Daft, 2004), 'lateral 
relations' (Duncan, 1979), 'lateral relationships' (Galbraith, 1974), or 'liaison devices' 
(Mintzberg, 1980).
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groups (Duncan, 1979) or interdependent departments (Galbraith, 1973; 1974) and can 
serve as a source of information and expertise (Nadler & Tushman, 1997).
A key strength of liaison roles is that people who have these roles can develop in-depth 
relationships w ith people in other groups (Jones, 2004). However, a principal problem with 
integration across groups is that the person who acts as the liaison role has no formal 
authority over another person of another group or department (Jones, 2004).
Task force. Whereas a liaison role usually links only two groups or departments, for 
linking several groups or departments a more complex coordination mechanism, such as a 
task force, may be required (Daft, 2004). Task forces consist of a temporary group of 
representatives of groups or departments (Daft, 2004; Jones, 2004), which are designed to 
handle specific clients, products, markets or problems (Nadler & Tushman, 1997).
Team. Teams are referred to as permanent committees or (task) forces (Daft, 2004; 
Jones, 2004). According to Daft (2004) teams are often used combined with a full-tim e 
integrator. Teams are especially created to deal w ith frequently occurring problems 
(Galbraith, 1973). Examples of criteria for creating teams are based on common clients, 
functions, processes or projections (Galbraith, 1973). In our research, three types of teams 
are distinguished: traditional functional teams; cross-functional teams (also referred to as 
'multi-disciplinary teams'); and virtual teams.
Integrating role or department. The integrator role is a full-tim e position specifically 
created to improve communication and coordination between divisions, or departments 
(Daft, 2004; Jones, 2004). Besides an integrator role performed by a single person, 
organizations can choose to establish an integrating department. Generally, an integrator 
role takes a management perspective to assist teams to accomplish a common task, usually 
a specific product or project (Nadler & Tushman, 1997). Common job titles for integrators in 
organizations are: Product, geographic, account, project and program manager (Daft, 2004; 
Galbraith, 1973, 1974; Jones, 2004; Nadler & Tushman, 1997). Jones (2004) notes that an 
integrator role differs from a liaison role; an integrator role is a full-tim e position, in 
contrary to a liaison role, which is part of a person's full-tim e job. Besides the difference in 
time spent on improving communication and coordination, another difference is the extent 
o f responsibility. According to Daft (2004) an integrator role does not report to any of the 
functional departments, which are coordinated by him or her, instead the integrator is 
located outside the functional departments and is responsible for coordinating these 
departments. Although they are formally responsible for establishing coordination among 
the functional departments, integrators usually lack the formal authority over their 
functional and/or disciplinary colleagues (Galbraith, 1973; Nadler & Tushman, 1997).
Matrix organization. The most complex form  of structural coordination mechanisms is 
the matrix type of organization (Brown, 1999; Duncan, 1979; Galbraith, 1971). The most 
remarkable feature o f the matrix organization is the dual authority, which supports cross­
unit coordination, communication, and collaboration (Anand & Daft, 2007; Brown, 1999; 
Daft, 2004; Duncan, 1979; Galbraith, 1971; Knight, 1976; Kolodny, 1979; Lawrence, Kolodny 
& Davis, 1977). This dual authority structure consists of a functional line and a 
process/project/product line (Brown, 1999; Daft, 2004; Duncan, 1979; Ford & Randolph, 
1992; Galbraith, 1971; Jones, 2004; Twiss, 1987). These two different lines in the matrix
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organization are usually represented as a grid; w ith a vertical flow  (Anand & Daft, 2007; 
Knight, 1976; Twiss, 1987), which usually stands for traditional professional and career 
responsibility (Anand & Daft, 2007; Twiss, 1987) in functional departments, and a horizontal 
flow  of process/project/product managerial responsibility (Jones, 2004; Twiss, 1987). The 
petroleum industry sometimes also makes use of functional departments w ith processes as 
overlays, which results in a matrix organization. Figure 3.14 represents an example of a 
matrix organization of an Operating Unit in the petroleum industry.
■4---------------------------------  Process M anagem ent Responsibility
Figure 3.14 -  Matrix organization of an operating unit in the petroleum industry (based on 
Twiss, 1987)
As can be observed from Figure 3.14, discipline heads control the functional departments, 
which in turn are responsible for professional and career development of staff (Twiss, 1987). 
Process management responsibility belongs to the process owners for the execution tasks. 
In turn, both discipline heads and process owners report to the Asset Director. The 
individual worker has therefore two bosses: one discipline head who maintains professional 
standards and is responsible for career development, and the other boss (process 
owner/manager) who controls the progress of the execution of tasks. The matrix 
organization is famous for its two-boss system (Knight, 1976; Kolodny, 1979; Lawrence, 
Kolodny & Davis, 1977). In the matrix organization, there is a natural tendency of two-boss 
conflict (Hax & Majluf, 1981), which is the main institutionalized form of conflict in this type 
of organization (Knight, 1976). Related to this institutionalized form of conflict, Hax & Majluf 
(1981) refer to the problem of 'power inversion', by which they mean, "the subordinate may 
reject a demand from a boss, arguing instructions from 'the other boss'" (p. 430). However, 
that is just one of the tensions resulting from this complex type of coordination mechanism. 
The literature on matrix organizations mentions a great number of tensions (cf. Arvidsson, 
2009; Brown, 1999; Daft, 2004; Duncan, 1979; Galbraith, 1971; Goold & Campbell, 2003; 
Hax & Majluf, 1981; Jones, 2004; Knight, 1976; Lawrence, Kolodny & Davis, 1977; Nadler &
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Tushman, 1997; Twiss, 1987). We discuss a limited number of tensions as being relevant for 
our research.
Functional versus process organization. Matrix organizations generate multiple and 
conflicting loyalties (Hax & Majluf, 1981). There is an ongoing competition between 
functional managers and process managers for control over the same resources (Knight, 
1976). The matrix organization is continuously fine-tuning the power balance between the 
two dimensions of the matrix organization (Lawrence, Kolodny & Davis, 1977). In order to 
handle both dimensions of the matrix, the organization needs dual systems for: 
Accounting/budgeting, control, roles, evaluation and rewards (Knight, 1976; Kolodny, 1979; 
Lawrence, Kolodny & Davis, 1977; Nadler & Tushman, 1997). As a result of these dual 
systems, the matrix organization can structure and internalize the multiple and conflicting 
priorities, but it does not remove them (Knight, 1976). If the matrix is well managed, it can 
combine the (a) technical excellence (Ford & Randolph, 1992; Galbraith, 1971; Knight, 1976) 
which is often achieved in functional organizations (cf. Duncan, 1979; Galbraith, 1971; 
Knight, 1976), w ith the (b) flexibility in use of human and capital resources (Ford & 
Randolph, 1992; Knight, 1976; Kolodny, 1979; Lawrence, Kolodny & Davis, 1977), which is 
often achieved in process-based organizations (cf. Duncan, 1979; Knight, 1976).
Identity and identification of employees. The lack o f clarity on roles and responsibilities is 
one of the underlying reasons fo r conflicts in the matrix organization (Goold & Campbell,
2003). Knight (1976: 125) distinguishes three types o f problems related to employees' roles 
in the matrix organization: (a) 'Role conflict', which results directly from reporting to more 
than one superior, (b) 'role ambiguity', which results from a situation where expectations 
are unclear, and (c) 'role overload', arises from a situation in which the individual has too 
many demands placed on him.
Size and complexity of organizations. If the organization grows, the matrix organization 
will become increasingly complex. The matrix organization can support balanced decision­
making and flexibility, however at the cost o f complexity (Lawrence, Kolodny & Davis, 1977).
Access to critical resources. As previously stated, there is an ongoing competition 
between functional managers and process managers for control over the same resources 
(Knight, 1976). Decisions on the allocation of critical resources, such as personnel, money 
and machines need to be made. As related to personnel, Nadler & Tushman (1997) argue 
"m atrix managers must deal w ith the difficulties of sharing a common subordinate, while 
the common subordinate must face off against two bosses" (p. 100). Figure 3.15 provides an 
overview of strengths and weaknesses of the matrix organization (as provided by Duncan, 
1979).
Advantages Disadvantages
1. Full-time focus of personnel on project of 1. Costly to maintain personnel pool to
matrix staff matrix
2. Matrix manager is coordinator of functions 2. Participants experience dual authority of matrix
for single project manager and functional area managers
3. Reduces information requirements as focus is 3. Little interchange with functional
on single product/market groups outside the matrix so there
4. Masses specialized technical skills to the may be duplication of effort,
product/market 'reinvention of the wheel'
4. Participants in matrix need to have
good interpersonal skills in order for
it to work
Figure 3.15 -  Strengths and weaknesses of the matrix organization (Duncan, 1979)
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Evolution to a matrix organization
In Chapter 2, we observed that the functional organization was dominant in the 1940s and 
currently still in the petroleum industry. In the 1970s, the petroleum industry adopted the 
matrix organization (Treat et al., 1994), which has recently regained interest. The process- 
based12 organization was dominant in the 1990s (Treat et al., 1994).
Two perspectives are present in organization science on the movement between types of 
organizational design. The first perspective argues that there is an evolutionary path to the 
most complex organizational design: the 'mature m atrix '13 organization (cf. Ford & 
Randolph, 1992; Knight, 1976; Kolodny, 1979). In this respect, a few authors (Ford & 
Randolph, 1992; Kolodny, 1979) present an evolutionary path of stages towards the 'mature 
matrix organization'. Figure 3.16 presents the stages towards the 'mature matrix 
organization', as applied to the petroleum industry (based on Kolodny, 1979).
Figure 3.16 -  The stages of evolution to a matrix organization as applied to the petroleum 
industry (based on Kolodny, 1979)
In the first stage, the organization starts by having a functional type o f organization in place 
(Ford & Randolph, 1992). Increased internal complexity (for example as a consequence of 
growing size of the organization) and external complexity of the organization (for example 
uncertainty in the competitive marketplace) makes the functional organization less effective 
(Ford & Randolph, 1992; Knight, 1976; Kolodny, 1979). As a response, decision-making is 
decentralized around a certain task (Kolodny, 1979). The organization moves into the next 
phase (Ford & Randolph, 1992), in our research referred to as 'process-based organization'.
12 Whereas several authors (Galbraith, 1971; Gobeli & Larson, 1986; Knight, 1976; Kolodny,
1979) use the term 'project organization', we use the term 'process-based organization' for its 
applicability in the petroleum industry. Note that a 'project' has a temporary character, as 
opposed to a 'process', which has a permanent character (Lawrence, Kolodny & Davis, 1977). 
Despite the differences in character, "these cross-functional organization forms have a great deal 
in common -  an overlay on the traditional hierarchy, multiple lines of authority, and teams 
working on tasks for finite time periods" (Ford & Randolph, 1992: 272).
13 Several authors use different terms for the same concept. Common terms are 'mature 
matrix' (Ford & Randolph, 1992; Kolodny, 1979; Lawrence, Kolodny & Davis, 1977), 'pure 
matrix' (Galbraith, 1971), or 'balanced matrix' (Ford & Randolph, 1992; Gobeli & Larson,
1986).
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However, process management is added as a temporary overlay to cope with the increased 
complexities in the organization (Ford & Randolph, 1992). The organization is building 
structural coordination mechanisms that will facilitate the new desired behaviors (Kolodny, 
1979). In the next phase, organizations either (i) adopt process management as a 
permanent overlay and continues to exist having the functional organization as the primary 
form (resulting in a Functional based matrix organization), or (ii) process management 
becomes a permanent organizational form, w ithout having the functional organization as its 
foundation (resulting in a Process-based organization) (Ford & Randolph, 1992). The next 
phase is referred to as 'mature matrix organization' (Ford & Randolph, 1992; Kolodny, 
1979). In this phase, there is balance between the functional and process influence of 
decision-making in the organization (Ford & Randolph, 1992).
In the second perspective the matrix organization is a transient condition (cf. Kolodny, 1979; 
Prahalad, 1976). The matrix organization is perceived as a type of coordination mechanism 
that the organization uses on its way from one type o f organizational design to another 
(Kolodny, 1979). As a response to environmental changes, organizations adopt the matrix as 
a transitional form (Kolodny, 1979), before adopting another type of organizational design 
(Prahalad, 1976).
A perfect organizational design does not exist. Yet the most appropriate (as opposed to 
perfect) organizational design depends on your objectives (Collier, 1992). If the objective is 
to build in-depth skill development, a Functional organization is preferred (Duncan, 1979; 
Galbraith, 1971). In case the focus is on delivering projects, or executing processes, and 
therefore establishing cross-functional collaboration, the Process-based organization is 
preferred (Anand & Daft, 2007; Galbraith, 1971). The mature matrix organization is located 
halfway on the continuum between a functional organization and a process-based 
organization (Ford & Randolph, 1992; Galbraith, 1971; Gobeli & Larson, 1986; Kolodny, 
1979). A Matrix organization w ith an emphasis on functional specialization and where the 
functional line predominantly influences decision-making results in a Functional matrix 
organization (Galbraith, 1971). In case there is an emphasis on processes, and the process 
line predominantly influences decision-making results in a Process-based matrix 
organization (Galbraith, 1971). Figure 3.17 provides an overview of organization's 
objectives, related to types of organizational design.
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Increasing focus on 
developing functional specialization
4
Increasing focus on 
executing processes
Figure 3.17 -  Overview of organization's objectives related to types of organizational design 
(based on Galbraith, 1971; Guldemond, Ten Have & Knoppe, 2010)
HORIZONTAL NON-STRUCTURAL COORDINATION MECHANISMS
Besides the structural coordination mechanisms, Brown (1999) argues that non-structural 
coordination mechanisms are there "to promote voluntary, cooperative problem-solving 
across unit boundaries" (p. 424). An example of a non-structural coordination mechanism is 
physical collocation, w ith could improve direct contact, on a voluntary, cooperative basis 
(Brown, 1999).
3.4 Task characteristics of work in the collaborative work environment
In the previous section, we discussed the way tasks are differentiated and coordinated. In 
this section, the focus is on task characteristics o f work in the Collaborative Work 
Environment. We start by exploring different levels in business processes. Business 
processes have clear inputs and outputs, and a specific ordering of activities (Davenport, 
1993; Irani, Hlupic & Giaglis, 2002). In the subsequent sections we discuss Task complexity 
(§3.4.1) and Task interdependence (§3.4.2).
Levels in business processes
In each business process, four levels can be distinguished:
(1) The process: The first level is the level of the 'business process' itself (in our 
research: the production o f oil and gas);
(2) Process elements: these are the major elements of the process in question; there are 
relatively strong linkages between activities w ithin an element and relatively weak 
linkages between elements (cf. Simon, 1962);
(3) Control loops: the upstream petroleum industry distinguishes four control
loops: (a) Real-Time Operations; (b) Production Optimization; (c) Well & Reservoir 
Management, and; (d) Field Development Planning (see Figure 3.2). Control loops can 
refer to individual process elements or to the process as a whole;
73
(4) Tasks: process elements can be broken down into tasks which are w ritten up as
standard operating procedures or job descriptions for individual persons working in the 
process element. "A 'process owner' assists integration o f tasks within the process" 
(Armistead, Harrison & Rowland, 1996: 122).
In this research, we focus on the control loop of Well & Reservoir Management. In the light 
o f maturing oil fields, this loop aims to maximize oil recovery & production out o f the oil 
fields, against relatively low investment costs (compared to for example the control loop of 
Field Development Planning, which requires tremendous investments in technology with a 
large uncertainty of future return on investments).
In §3.4.1, we will focus on the complexity of tasks, and in §3.4.2 we will discuss the 
sequence (i.e. interdependence) of tasks.
3.4.1 Task complexity
Task complexity can be perceived in many ways (Byström & Järvelin, 1995; Vakkari, 1999). 
As a result, research on task complexity lacks a standardized definition (Wood, Mento & 
Locke, 1987). Byström & Järvelin (1995: 193) and Vakkari (1999) argue that two main groups 
o f task complexity can be distinguished in the literature: (a) characteristics related to the a 
priori determ inability of tasks (cf. Byström & Järvelin, 1995; Vakkari, 1999) and (b) 
characteristics related to the extent of tasks (cf. Bell & Kozlowski, 2002; Campbell, 1988; 
Van Vijfeiken et al., 2002). However, occasionally, these two main groups of task complexity 
are combined (cf. Byström & Järvelin, 1995; Vakkari, 1999). As Byström & Järvelin (1995: 
194) explain, "simple tasks are routine information-processing tasks, where the inputs, 
process, and outcomes can be a priori determined, whereas difficult or complex tasks are 
new and genuine decision tasks, where they cannot be a priori determined". In accordance 
with Vakkari (1999: 826), we define 'task complexity' as "the degree of pre-determinability 
o f task performance".
At the beginning of this chapter, we argued that the input into the system (e.g., reservoir, 
wells & facilities) is only known to a limited extent. Our assumption is that staff in 
Collaborative Work Environments is dealing w ith complex tasks, since their tasks' inputs 
cannot be easily a priori predetermined (since feed forward is very difficult in the upstream 
petroleum industry, see §3.1). By simply stating that staff will probably be dealing w ith 
complex tasks, no insights are gained into what actually causes the task complexity. For 
determining the level o f task complexity, we will search fo r underlying sources.
In his review article, Campbell (1988) refers to the work of Steinmann (1976), who suggests 
that complexity comes from at least seven sources. Campbell (1988) categorizes these seven 
sources into three forms of task complexity: (a) the amount of information involved in a 
task; (b) the internal consistency of this information, and; (c) the variability and diversity of 
the information. We will use these distinctions in our research.
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3.4.2 Task interdependence
Task interdependence has been theoretically differentiated in many different ways, which 
results in many different definitions. Van Vijfeiken et al. (2002) provide some clearness on 
the differences in definitions, by stating that differing perspectives on what causes task 
interdependence and who are task interdependent results in these differences. Related to 
the question what causes task interdependence, Van Vijfeiken et al. (2002) argue the work 
o f Thompson (1967/2003) has been influential. Besides Van Vijfeiken et al. (2002), most 
authors (Bell & Kozlowski, 2002; Daft, 2004; Liden, Wayne & Bradway, 1997; Nadler & 
Tushman, 1997) refer to Thompson's work regarding task interdependence. Thompson 
(1967/2003) argues that the degree of task interdependence is determined by the 
technology that is used to complete the task. "If, fo r example, the production technology is 
a traditional assembly line, then there is sequential task interdependence between the 
workers" (Van Vijfeiken et al., 2002: 365-366). Wageman & Baker (1997) argue task 
interdependence is not a specific choice variable fo r the firm. This perspective is traditional 
in the economic literature, although some changes can be observed (Wageman & Baker, 
1997). In addition to the three distinctions of Thompson, Bell & Kozlowski (2002) use a 
fourth basic task interdependence (as adapted by them from Van de Ven, Delbecq & Koenig, 
1976):
(a) Pooled/additive; work and activities are performed separately by all team members 
and then combined into a finished product (Bell & Kozlowski, 2002: 18);
(b) Sequential; involves the linking of individual tasks in a chain, such that each group 
member works individually, but passes work to the next person in the chain until it is 
completed (Liden, Wayne & Bradway, 1997: 178);
(c) Reciprocal; involves two or more subgroups working together on parts o f the group 
task (Liden, Wayne & Bradway, 1997: 178);
(d) Intensive; team members must diagnose, solve problems, and/or collaborate 
simultaneously as a team to accomplish their task (Bell & Kozlowski, 2002: 18-19).
Recently, the perspective related to the question who are task interdependent is 
emphasized in the literature (Van Vijfeiken et al., 2002). The way work is organized (in terms 
of work procedures, organizational structure, etc.) determines the level of task 
interdependence (Van Vijfeiken et al., 2002). From this perspective, task interdependence is 
the degree to which an individual's task performance depends upon the efforts of others 
(Wageman & Baker, 1997) and the degree to which the individual efforts, in turn affect the 
task performance of others. Looking from this perspective, task interdependence has two 
directions.
In his review of the management literature related to job design and task interdependence, 
Kiggundu (1981) concludes that most of the reviewed studies do not differentiate 
concerning directions of the task interdependence. He proposes the use of two types of task 
interdependence: initiated and received. Initiated task interdependence is the extent to 
which work flows from a particular job to one or more other jobs (Kiggundu, 1981). Received 
task interdependence is "the extent to which a person in a particular job is affected by the 
workflow from  one or more other jobs" (Kiggundu, 1981: 501). This differentiation is useful 
fo r sequential task interdependence between different individual or single unit tasks (of 
persons in the same unit or in different units). However, if different persons work at the 
same time on a collaborative task, differentiation between initiated and received task 
interdependence is rather difficult.
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Besides the questions o f what causes task interdependence and who are task 
interdependent, a differentiation can be made related to the level of task interdependence. 
Tushman & Nadler (1978) differentiate task interdependence among 'in tra-unit task 
interdependence' and 'in ter-unit task interdependence'. As the names already reveal, these 
concepts focus on task interdependencies within (intra-unit) or between (inter-unit) 
subunits. In our research, the focus is on 'in ter-unit task interdependence'. In fact, 
Collaborative Work Environments are established to improve collaboration between units, 
therefore insights into 'in ter-unit task interdependence' is important. In terms of Simon 
(1962), we expect that the strongest linkages, like reciprocal and intensive task 
interdependence (cf. Bell & Kozlowski, 2002; Liden, Wayne & Bradway, 1997), will be within 
the subunits (intra-unit task interdependence), and weaker linkages, like pooled/additive 
and sequential task interdependence (cf. Bell & Kozlowski, 2002; Liden, Wayne & Bradway, 
1997), will be between the subunits (inter-unit task interdependence).
Task complexity and Task interdependence
Several authors (cf. Bell & Kozlowski, 2002; Van Vijfeiken et al., 2002) emphasize the 
relationship between task complexity and task interdependence. Bell & Kozlowski (2002) 
argue that low complex tasks can be found in more pooled/additive and sequential 
processes. Highly complex tasks are found in reciprocal or intensive processes. Figure 3.18 
shows the relationship between (team) task complexity and forms of workflow 
interdependence.
Figure 3.18 -  Characteristics of simple versus complex team workflows 
(Bell & Kozlowski, 2002)
As noted earlier, CWEs are aiming to execute synchronous activities, which require 
reciprocal or intensive task interdependence. However, are those forms of task 
interdependence really necessary in CWEs, in view of the coordination requirements? And is 
the petroleum industry willing to adapt its organizational structures to the changing task 
interdependencies? We will search for answers to these questions in Chapters 5 & 6.
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3.5 Competencies in the collaborative work environment
In the 1980s, petroleum companies initiated major cost cutting programs, which resulted in 
a major reduction of staff (Treat et al., 1994). In the 2000s, the 'Big crew change' and the 
implementation of 'Smart Oil Fields' urge for a shift in the way of working and therefore in 
accordance a shift in required competencies o f staff. Two major shifts in required 
competencies can be observed. First, the 'Big crew change', which implies a significant 
number of experienced staff leaving the petroleum industry, which could not be replaced by 
both the quantity (in terms of number of persons) and quality (in terms of level of 
experience) o f new graduates entering the petroleum industry. As a result, both quantity 
and quality of available competencies in the petroleum industry are declining. Thompson 
(2008: 2) formulates the situation for the petroleum industry well by stating that petroleum 
companies "are concerned at the deeply significant potential loss of the tacit knowledge as 
yet unshared; the intellectual capital of the individuals and the ir employing organizations -  
sometimes referred to as the 'corporate memory'". Second, working in 'Smart Oil Fields' 
implies a shift from 'craftmanship' working towards 'science-based' working. Instead of staff 
opening valves and controlling the petroleum production on site, remote control by 
scientifically trained staff is increasingly becoming the norm. This shift requires a transition 
in the nature of competencies. To overcome these 'competency gaps' petroleum companies 
need to be able to learn (Heaney & Davidson, 2006).
In our literature study, we encountered limited research on and guidelines for the role of 
competencies of individuals in team-based settings. Although many organizations use teams 
to perform work, "they still need to assess and select at the individual level. That is, 
organizations do not hire teams. They hire individuals and place them in teams" (Morgeson, 
Reider & Campion, 2005: 585). In the literature on competencies, there are different 
perceptions on what competencies are. A large number of authors perceive competencies 
as 'personality traits ' (cf. Barrick & Mount, 1991; McClough & Rogelberg, 2003; Morgeson, 
Reider & Campion, 2005).
Another perspective on competencies is that of Knowledge, Skill, Ability and Other 
characteristics (KSAOs) (cf. Hertel, Konradt & Voss, 2006; McClough & Rogelberg, 2003; 
Morgeson, Reider & Campion, 2005) o f individuals related to functioning in team settings 
(Morgeson, Reider & Campion, 2005). These are referred to as 'team competencies' 
(Morgeson, Reider & Campion, 2005), or 'teamwork-related competencies' (Hertel, Konradt 
& Voss, 2006). According to Morgeson, Reider & Campion (2005: 590) the perspective of 
KSAOs "suggests there is a set of individual-level capabilities that will facilitate performance 
in team settings".
Following Hertel, Konradt & Voss (2006) we focus on competencies as a gathering of 
knowledge, skills and abilities (KSAs) rather than on personality traits. They argue, "Although 
recent work has demonstrated that personality based selection criteria such as the 'Big Five' 
personality factors can explain considerable variance o f team effectiveness, ability-based 
selection has been more successful and offers more opportunities for personnel 
development" (Hertel, Konradt & Voss, 2006: 479). Other authors (cf. Morgeson, Reider & 
Campion, 2005) seem to agree with this statement. Based on the ir study, they argue, "As 
these results demonstrate, the relationships between the personality measures and 
contextual performance are smaller than social skills and teamwork knowledge" (Morgeson, 
Reider & Campion, 2005: 600). Before the discussion on competencies continues, let us first
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provide a definition of 'competencies'. In accordance with Hertel, Konradt & Voss (2006: 
479), we define 'competencies' as: "Learned abilities to perform a task, duty, or role in a 
particular work setting, integrating several types of knowledge, skill and attitude".
Now that we defined what we mean by the term 'competencies', let us have a closer look 
what we mean by each o f the constructs of 'knowledge', 'skills', and 'attitudes'. In 
accordance with Horvath & Tobin (2001: 243) we define these constructs as follows: 
"'knowledge' is the principles and concepts underlying the team's effective task 
performance; 'skills' are the psychological, motoric and cognitive competencies required to 
perform the team task effectively; and 'attitudes' is an internal state that influences a team 
member's choices or decisions to act in a way that fosters effective performance".
Required competencies for traditional teams
Hertel, Konradt & Voss (2006) make a basic distinction of competencies for traditional 
teams (taskwork-related and teamwork-related competencies), and virtual teams 
(telecooperation-related competencies).
Taskwork. These competencies are related to successful performance in a more general 
way (Hertel, Konradt & Voss, 2006). Occasionally, taskwork-related competencies include 
technical skills, whereas Hertel, Konradt & Voss (2006) created an additional dimension, 
called 'professional expertise/technical training'. We perceive 'taskwork' as professional 
expertise/technical training. The implementation o f Smart Oil Fields (Technology) requires a 
modification o f taskwork-related competencies. Although taskwork-related competencies 
are important, they "must be coupled w ith the willingness ability to share the expertise" 
(Parker, 1994: 170).
Teamwork. In order for the team as such to be effective, people must have the ability to 
communicate the ir expertise in a way that can easily be understood by the other team 
members (Parker, 1994). In order to do so, 'teamwork-related competencies' are required. 
Hertel, Geister & Konradt (2005) and Hertel, Konradt & Voss (2006) refer to 'teamwork' 
related competencies as 'interpersonal competencies', fo r example cooperativeness and 
communication. Other authors (cf. McClough & Rogelberg, 2003) make a distinction 
between 'interpersonal KSAs' (for example collaborative problem-solving and 
communication) and 'self-management KSAs' (for example goal setting and planning & task 
coordination). "Self-management skills are conceptualized... as one of the aspects that are 
particularly relevant for teams with high degrees of virtuality where control and support by 
supervisors and/or colleagues is low" (Hertel, Konradt & Voss, 2006: 480). Following Hertel, 
Konradt & Voss (2006) we restrict teamwork-related competencies to interpersonal KSAs 
(e.g., cooperativeness and communication skills) as distinct from  self-management KSAs. 
We define 'interpersonal competencies' as: "the competencies necessary to maintain 
healthy working relationships and to react to others w ith respect for ideas, emotions, and 
different viewpoints" (McClough & Rogelberg, 2003: 57).
Required competencies for virtual teams
A key reason for installing virtual teams is to draw on high quality competencies, despite 
the ir member's location (Siebdrat, Hoegland & Ernst, 2009). However, many organizations 
make the mistake of primarily selecting team members to work in virtual environments 
based on the ir taskwork-related competencies (Siebdrat, Hoegland & Ernst, 2009). 
Managers must consider the importance of teamwork competencies in virtual team settings
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(Siebdrat, Hoegland & Ernst, 2009). As Siebdrat, Hoegland & Ernst (2009: 67) argue, "it's 
unrealistic to bring together individuals from different locations w ith the expectation that 
they will automatically know how to collaborate in a virtual environment". Despite the 
importance of team competencies, empirically based prescriptions of team competencies in 
face-to-face work environments are not tota lly transferable to the virtual work environment 
(Furst, Blackburn & Rosen, 1999; Horvath & Tobin, 2001). Which competencies (i.e. KSAs) 
are required to be successful in a virtual work environment? A few authors (Furst, Blackburn 
& Rosen, 1999; Hertel, Konradt & Voss, 2006) provide lists of KSAs to perform successfully in 
virtual team environments.
One empirically based study (by using qualitative in-depth interviews) on competencies in 
virtual team environments is by Hertel, Konradt & Voss (2006). They refer to these 
competencies as 'telecooperation-related competencies'. Based on their results, they 
consider three main groups of telecooperation-related competencies: (a) Self-management 
skills; (b) interpersonal trust, and; (c) intercultural skills.
Self-management skills. In virtual teams, supervisory control and social control by other 
team members is reduced, therefore self-management skills are required (Hertel, Konradt & 
Voss, 2006). Hertel, Konradt & Voss (2006) further subdivide self-management skills into 
four major areas: (a) independence; (b) persistence; (c) learning motivation, and; (d) 
creativity. They describe these four major areas as follows: (a) Independence; includes 
aspects of self-motivation, endurance of goal striving, and continuing activities after 
interruptions; (b) Persistence; working in virtual teams often is related to unplanned 
interruptions, for instance due to other commitments at the local site, so that high degrees 
o f persistence should be positive for virtual teamwork; (c) Learning motivation; includes 
intrinsic interest in new and unknown contents (in contrast to learning skills as part of 
general cognitive abilities); (d) Creativity; should be relevant for virtual teams for similar 
reasons.
Interpersonal trust. In the literature on virtual teams, trust is very frequently mentioned 
as an important influence on virtual team performance (Hertel, Konradt & Voss, 2006; 
Holton, 2001; Jarvenpaa & Leidner, 1999; Jarvenpaa, Shaw & Staples, 2004).
Intercultural skills. Due to virtual collaboration, teams often have to cooperate with 
partners from  other countries and cultural backgrounds (Hertel, Konradt & Voss, 2006). In 
order to collaborate successfully, team members need to have an understanding on how to 
cope with cultural differences.
In this study, we focus on the taskwork-, teamwork- and telecooperation-related 
competencies for working in Smart Oil Fields.
In 2005, Hertel, Geister & Konradt (2005) created a Virtual Team Competency Inventory to 
prescribe predictors and criteria fo r virtual team membership. This model was extended in 
2006 by Hertel, Konradt & Voss (2006) by adding 'Potential Moderators' into the model. 
Figure 3.19 represents the extended virtual team competency inventory by Hertel, Konradt 
& Voss (2006).
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Predictors Criteria
Professional bxpertise t 
Technical Training
Cognitive Abilities
• Conscientiousness
• Integrity Taskwork related
. Loyalty KSAs
• Cooperativeness
• Communication -
Teamwork- related 
KSAs
• Persistence
• Willingness to learn
• Creativity
■ Independence
• Interpersonal trust
• Intercultural skills
-
Telecooperation-relateû
KSAs
Individual Team
Motivation & Effectiveness
Performance t
Potential Moderators
(not measured In this study) 
Task Design 
Leadership Style 
Organi7ational Integration 
etc.
Figure 3.19 -  Extended virtual team competency inventory (Hertel, Konradt & Voss, 2006)
Hertel, Konradt & Voss (2006) argue that, "Future research should replicate the current 
findings w ith more virtual teams and varying forms of virtual teamwork. In particular, 
replications w ith paid workers, as compared to the voluntary workers in our study, are 
desirable" (p. 500). We believe our research contribution on competencies is by replicating 
the ir findings w ith paid workers in virtual teams in production settings. In accordance with 
Hertel, Konradt & Voss (2006) we will use qualitative in-depth interviews for researching 
'telecooperation-related competencies'.
In previous sections, we explored which guidelines more 'traditional' organizational design 
theories (like sociotechnical systems theory) can provide for our research. However, 
Collaborative Work Environments have a component of virtual collaboration, for which 
more 'traditional' organizational design theories can provide us w ith little guidance. We 
explore virtual teams theory to search for implications on organizational design when 
working and operating in a virtual work environment.
3.6 Virtual teams theory
For many years, teams have existed in organizations (Proehl, 1996). Organizations 
worldwide increasingly rely on teams to accomplish many objectives (Salas & Cannon- 
Bowers, 2000). W ithin teams, individuals are brought together w ith a variety of skills and 
experiences, in order to execute tasks and solve problems (Proehl, 1996). To an increasing 
extent, knowledge intensive teams are being used in organizations (Mohrman, Cohen & 
Mohrman, 1995). However, organizations are having difficulties establishing knowledge 
intensive teams. The petroleum industry is becoming increasingly complex; therefore the 
reliance on knowledge intensive teams is increasing.
In this section we start by looking at what teams as such and in traditional functional 
settings are. After exploring literature on teams in traditional functional settings, we search 
for differences and comparisons w ith cross-functional teams. Cross-functional teams are not 
a new phenomenon to the petroleum industry, but regain prominence lately. In 
Collaborative Work Environments, virtual teams are established. But, what are virtual 
teams? What kinds of insights can academic research on organizational design in virtual
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teams provide? These are relevant questions, for which answers are sought in this section. 
We start by exploring the concept and definitions o f a team as such.
Definition of a team
After stating the importance o f teams in organizations, we can question what is a team 
exactly? In accordance with Katzenbach & Smith (1993: 45), we define a team as: "A small 
number of people with complementary skills who are committed to a common purpose, 
performance goals, and approach for which they hold themselves mutually accountable."
Following Katzenbach & Smith (1993) we briefly mention each of their dimensions o f a 
team.
Small number. Almost every team researched by Katzenbach & Smith (1993) had a 
number of members ranging from two to twenty-five people. The size of a team can differ 
considering its purpose, specific performance goals, common approach, complementary 
skills, and mutual accountability (Katzenbach & Smith, 1993). However, as Katzenbach & 
Smith (1993) argue a small number is rather a pragmatic approach.
According to them a large number of people can theoretically become a team. However, 
groups with a large number of people, for example fifty  or more, will divide into smaller 
(sub) teams, instead o f function as a single team. As related to the team size in the 
petroleum industry, Girgis, Sneider & Thomas (1995) note that if (asset) teams would be too 
large they encounter difficulty to focus and if they were too small they would lack functional 
representation. An optimal team size for (asset) teams would be between 8 and 15 
members (Girgis, Sneider & Thomas, 1995).
Complementary skills. Teams must make sure they possess the right mix of 
complementary skills required to execute their tasks (Katzenbach & Smith, 1993). Teams 
need a minimum standard of complementary skills, especially related to functional or 
technical skills (Katzenbach & Smith, 1993). The nature of the complementary skills depends 
on grouping decisions (i.e. differentiation). In case petroleum companies favor functional 
grouping, engineers with the same functional background, w ith each having his own 
specialization within this function, will form a team (a traditional functional team). In case 
petroleum companies favor process-based grouping, teams contain members from different 
functions (i.e. cross-functional teams). In both functional and process-based teams, besides 
technical skills, team members must have certain competencies to facilitate teamwork 
(Salas & Cannon-Bowers, 2007). In §3.5, three types of competencies (taskwork, teamwork 
and telecooperation) were already presented.
Committed to a common purpose and performance goals. Parker (1994) notes teams can 
have a variety o f purposes or goals; fo r example, they may be dedicated to problem solving, 
reengineering, or systems development. Considering our dichotomy of functional and 
process-based grouping (or organization), teams in these two types o f organizations may 
have different purposes. Teams in functional organizations are held responsible for a 
specific part of the whole process. For example, a team of process engineers only focuses on 
the equipment required at the surface level of the wells (see Figure 3.20). Teams in process- 
based organizations are held responsible for a particular process, for example running a 
field or group o f wells (i.e. an asset team) (Treat et al., 1994). For example, an asset team 
can consist of members of Operations, Development and Engineering related disciplines 
(see Figure 3.22).
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Committed to a common approach. Katzenbach & Smith (1993) argue teams need to 
develop a common approach, by which they refer to how team members collaborate to 
accomplish their goal. Whether committing to a common approach will be a challenge, 
depends on whether teams are functionally or process-based grouped. Functionally 
grouped teams often have the same educational and functional background. Therefore, 
they often have the same perceptions and ideas on a common approach. However, 
members o f process-based grouped teams have a variety of educational and functional 
backgrounds. Reaching agreement on a common approach could be challenging, due to a 
variety of perceptions and ideas on a common approach.
Mutual accountability. A group can only become a team when it holds itself accountable 
as a team. As Katzenbach & Smith (1993: 61) argue "groups that lack mutual accountability 
for performance have not shaped a common purpose and approach that can sustain them 
as a team".
3.6.1 Traditional functional collaboration
In the previous section, we defined what a team is and we explored its dimensions. In this 
section, we explore traditional functional collaboration and teams in the petroleum 
industry.
Functional teams are appropriate in traditional hierarchical organizations in stable and 
predictable markets (Parker, 1994). This traditional functional team has a boss w ith his or 
her direct reports (Parker, 1994). Parker (1994) refers to this as a 'm ilitary model'. As we 
already saw in Chapter 2, the petroleum industry tends to favor functional organizations 
with the purpose of developing the technical skill pool. The petroleum industry does not 
seem to stand alone in their favoritism for the functional organization with functional 
teams. In these functional organizations, teams are grouped according to their functional 
expertise. In Figure 3.9, we provided a simple representation of an example of a functional 
organization in an Operating Unit. If we extend this figure by adding traditional functional 
teams, a representation of 'traditional functional teams of an operating unit in the 
petroleum industry' could be as follows:
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Figure 3.20 -  Example of traditional functional teams of an operating unit in the petroleum industry
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One of the difficulties of traditional functional teams is that these teams might be solving 
the same problem in isolation from each other (Parker, 1994). The nature o f the problems 
to solve in the petroleum industry is becoming increasingly complex. Gaining access to oil 
fields is becoming increasingly difficult, since a large part of the new discoveries are deep 
and ultra-deep water projects (Brufau, 2008). Solving increasingly complex problems for this 
type of projects in the petroleum industry requires intensive collaboration of staff with 
varying functional backgrounds. Solving problems in isolated functional teams is insufficient 
in a complex and more demanding world (Mohrman, Cohen & Mohrman, 1995). From the 
perspective of required intensive collaboration, it remains difficult to continue working with 
traditional functional teams in the petroleum industry. In the petroleum industry 
performance pressures and the complexity of the environment are increasing. Mohrman, 
Cohen & Mohrman (1995: 9) argue, "performance pressures and the complexity of the 
environment being faced by organizations today have exceeded the capacity of the 
traditional, functional, hierarchical organization to effectively coordinate and integrate".
In the 1990s (under the influence of BPR) several petroleum companies shifted towards a 
process-based organization (with related cross-functional teams) (Treat et al., 1994). 
However, as stated earlier, the petroleum industry is still continuously switching between a 
functional and process-based organization (Treat et al., 1994).
3.6.2 Cross-functional collaboration
Complex functional (task) interdependencies in organizations require cross-functional 
collaboration (Pinto & Pinto, 1990). In theory, cross-functional collaboration and teams are 
simple; however, its practical implementation is more complicated (Trent & Monczka, 
1994). These cross-functional teams consist of groups o f individuals w ith a variety of 
functional backgrounds in the organization (Horwitz & Horwitz, 2007; Mohrman, Cohen & 
Mohrman, 1995; Randel & Jaussi, 2005; Webber, 2002; Weingart et al., 2005). A few 
authors (Horwitz & Horwitz, 2007; Randel & Jaussi, 2005) refer to 'functional background 
diversity' as a 'double-edged sword'; the benefits of having diverse functional backgrounds 
are also challenges (Uhl-Bien & Graen, 1998). For example, cross-functional teams integrate 
multiple perspectives which result in more innovate products and services, however, these 
varying perspectives are, in turn, a source of potential conflict (Uhl-Bien & Graen, 1998). 
Webber (2002: 202) formulates three unique challenges for cross-functional collaboration 
(i.e. teams): First, cross-functional (organizational) structures coincide challenges for 
members who must collaborate w ith each other (task interdependent), but have different 
goals. In this respect, Van Vijfeiken et al. (2002) refer to the term of 'goal interdependence', 
which they define as it "reflects the way in which goal attainment of an individual is 
influenced by goal attainment of others" (p. 367). Cross-functional teams often lack having 
common goals in place (Parker, 1994), which results in having different priorities between 
the ir members (Proehl, 1996). In this research, the goals of departments are directly related 
to their main focus on one of the four control loops and related time scales (see Figure 3.2). 
Second, cross-functional structures often have members working in several teams at the 
same time. Our assumption is that Operations' staff predominantly works in the control
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loops of Real-Time Operations (with a timescale o f 1 second -  1 day) and Production 
Optimization (with a timescale of 1 day -  3 months), whereas Petroleum Engineering' staff 
predominantly works in the control loop o f Well & Reservoir Management (with a timescale 
o f 3 months -  2 years). Third, cross-functional structures have members reporting to a 
functional head and a process leader, which violates the structure of single line of authority. 
Cross-functional teams can be: (i) formal units visualized on the organization chart, where 
the emphasis is on 'process-based grouping' (see §3.3.1); (ii) functional units with structural 
'overlays' including members of these units reporting to various persons in the organization, 
(with the emphasis on 'functional grouping', see §3.3.1); or (iii) the matrix organization, 
where members report to both their functional and process leaders (see §3.3.2) (Mohrman, 
Cohen & Mohrman, 1995).
Depending on the way of differentiation and coordination, members in the organization will 
focus on the goals of their unit, since contributing to the unit's goals is directly related to 
the ir performance evaluation and rewarding (Trent & Monczka, 1994). In terms of Nadler & 
Tushman (1988: 39) "organizational arrangements can motivate behavior; through the 
creation o f goals, and the use of reward systems, people can be directed and energized to 
behave in certain ways". Trent & Monczka (1994: 10) put it more simply, by stating "team 
members will exert effort if they expect it to produce personal rewards".
In Chapter 5 & 6, we will explore how effective cross-functional collaboration is in 
Collaborative Work Environments in the petroleum industry.
Cross-functional teams in the petroleum industry
Cross-functional teams are not a new phenomenon to the petroleum industry. Already in 
the 1970s and 1980s, several large and small petroleum companies experimented with 
cross-functional teams, in order to be more competitive and profitable with fewer staff and 
managers (Sneider, 1993). These cross-functional teams consisted o f geologists, 
geophysicists, and petroleum engineers and others working together as a team (Sneider, 
1993). In Figure 3.11, we provided an example o f a process-based organization in the 
petroleum industry of an Operating Unit. Figure 3.21 provides an extension, including a 
representation of cross-functional teams in the petroleum industry.
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- Production 
Technicians
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Programmers
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- Project Engineers
Figure 3.21 -  Example of cross-functional teams of an operating unit in the petroleum industry
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In the 1990s, Girgis, Sneider & Thomas (1995) conducted a study on cross-functional teams 
(which they refer to as 'multi-disciplinary teams' or 'asset management teams') in 
Indonesian petroleum companies. They focused on the establishment of Asset Management 
Teams and organizational structure in these petroleum companies. According to Girgis, 
Sneider & Thomas (1995: 561) the objective o f Asset Management Teams is to "efficiently 
and effectively optimize production and reserves from producing areas and serve as a 
training vehicle fo r technical as well as leadership skills".
Figure 3.22 illustrates the role o f Asset Management Teams in the petroleum industry.
The AMT is: The AMT is not:
• A multi-disciplinary team; All disciplines 
needed to perform the required task are 
represented
• Competing disciplines working the same area
• Self directed; Leader and manager serve a 
support function
• Managed / directed by one person
• Optimally sized (8-15) • Too large (difficult to focus), Too small 
(lacking functional representation)
• Focused by clear self generated goals and 
objectives that had management's input and 
agreement
• Working on multiple conflicting agendas from 
functional departments
Figure 3.22 -  Role of Asset Management Teams (Girgis, Sneider & Thomas, 1995)
Although these teams were rather successful at the beginning, however, for the future 
success Girgis, Sneider & Thomas (1995) warn for a misfit between the establishment of 
cross-functional teams on the one hand and the functional organizational structure on the 
other hand. According to Mohrman, Cohen & Mohrman (1995) an underlying source for this 
misfit could be that management does "not think o f themselves as designing and 
implementing a team-based organization; they think o f themselves as installing teams" (p. 
27). Referring to the traditional roles and decision-making in functional departments as 
barrier to establishing cross-functional teams, they argue that "Traditional roles of 
functional areas of control are being shared and driven by the teams. The loss of primary 
decision-making is often not received well by functional departments" (Girgis, Sneider & 
Thomas, 1995: 552).
Since petroleum companies continuously switch between a functional and process-based 
organizational structures (Treat et al., 1994), we expect the issue of a misfit between a 
functional organizational structure and team-based working to occur in Collaborative Work 
Environments.
3.6.3 Decision-making
An important organizational design objective for CWE in cross-functional teams is the 
'quality of decision-making'. Quality o f decision-making is one of the key determinants of 
organizational effectiveness (Huber & McDaniel, 1986). This section makes a distinction 
between 'organizational design factors' and 'technical factors' related to the 'quality of 
decision-making'.
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Organizational design factors. Structures and processes that facilitate organizational 
decision-making are central concepts when designing organizations (Huber & McDaniel, 
1986). In case the organization's environment is complex, organizational decision-making 
situations are complex (Huber & McDaniel, 1986). Complex decision-making situations 
require an organizational design that facilitates the inclusion o f various types o f expertise, 
which results in more structural differentiation (Huber & McDaniel, 1986). However, as 
Lorsch (1977: 10) argues, "the more differentiation, the more varied the viewpoints of the 
units involved in decisions and, therefore, the more difficult it is to achieve integration". 
Differentiation can result in disruptions (i.e. faultlines) in the organizational control loop. 
From the previous statements, it can be argued that differentiation can indeed improve the 
quality of decision-making, in case o f adequate integration (i.e. coordination) of the units 
involved. Regarding organizational design and quality of decision making, Galbraith (1973: 
90-91) formulates two organizational design problems: (a) to see that differences in 
attitudes, called differentiation, do not reduce the quality o f the jo in t decision process (see 
§3.3.1 Differentiation); (b) to create a set of conditions such that power differences do not 
diminish the quality of decisions reached through lateral decisions processes (i.e. horizontal 
coordination mechanisms, see §3.3.2 Coordination).
Technical factors. The quality o f decision-making not only relies on organizational 
design, but also depends on technical factors (e.g. meters) for providing reliable data to 
reach high quality decisions. At the beginning o f this chapter we argued that the technical 
system (reservoir, wells & facilities) has to deal w ith an uncertain input and (therefore) 
relies on feedback loops. The first cluster in the organizational control loop is referred to as 
'Detect' (see Figure 3.4). Van Amelsvoort (1992) divides 'Detect' into 'absorbing', 'filtering', 
and 'coding'. Absorbing information in a certain situation can never be fully complete. 
Filtering reflects for determining the relevance of the detected data, whereas coding 
determines the reliability o f the detection (Van Amelsvoort, 1992: 101).
3.6.4 Virtual collaboration
The increasing focus on globalization (Hertel, Konradt & Orlikowski, 2004; Hertel, Konradt & 
Voss, 2006; Horvath & Tobin, 2001) where team members work across geographically 
distributed locations (Hertel, Konradt & Orlikowski, 2004; Hertel, Konradt & Voss, 2006) and 
technological progress (Hertel, Konradt & Voss, 2006) resulted in establishing 'virtual teams' 
(Hertel, Konradt & Orlikowski, 2004; Hertel, Konradt & Voss, 2006; Horvath & Tobin, 2001). 
The term 'virtual' was first used in the 1990s (Lipnack & Stamps, 1997). The label o f 'virtual 
teams' is somewhat misleading, since the term 'virtual' refers to "something that is 'not 
real'" (Lipnack & Stamps, 1997:5), however, "these groups are very real w ith respect to the 
work they can accomplish" (Siebdrat, Hoegland & Ernst, 2009: 64). In addition to 'virtual 
teams', 'virtual' is used in terms as 'virtual corporations' (Jackson, 1999; Lipnack & Stamps, 
1997), 'virtual organizations' (Jackson, 1999; Lipnack & Stamps, 1997), 'virtual enterprises' 
(Jackson, 1999), and 'virtual office' (Lipnack & Stamps, 1997). Our research only focuses on 
'virtual teams'.
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Virtual teams are found in various fields, for example in research and development (R&D), 
and in production settings (Hertel, Konradt & Orlikowski, 2004; Hertel, Konradt & Voss,
2006). Virtual teams are often used for two purposes: (a) to share existing knowledge (i.e. to 
rapidly go where it is needed); and (b) to innovate, transitioning ideas into action (Horvath
& Tobin, 2001: 241).
Pros and cons of virtual teams
Several potential advantages of working with virtual teams have been observed (Piccoli, 
Powell & Ives, 2004). These teams can cross spatial, organizational and time boundaries by 
using technology-mediated communication, as opposed to traditional teams, which are 
limited by these boundaries (Hertel, Konradt & Orlikowski, 2004; Powell, Piccoli & Ives, 
2004; Qureshi & Vogel, 2001). In addition, other pros of virtual teams are: savings in real 
estate (Verburg & Bosch-Sijtsema, 2007), reducing travel costs (Verburg & Bosch-Sijtsema,
2007), being able to work around the clock (Siebdrat, Hoegland & Ernst, 2009; Verburg & 
Bosch-Sijtsema 2007), reducing control loop-time (Kayworth & Leidner, 2000), and 
improving the quality o f decision-making (Kayworth & Leidner, 2000). The petroleum 
industry mainly uses virtual teams for a reduction of travel costs and control loop-time, 
enhancing knowledge sharing between members o f remote locations and improving the 
quality decision-making.
Besides all these benefits of working with virtual teams, these teams have several 
drawbacks. Coordination and technological problems are well-known and common 
problems for virtual teams (Hertel, Konradt & Orlikowski, 2004). Common goals are more 
difficult to establish when members are geographically dispersed, because of a reduction of 
face-to-face interaction (Hertel, Konradt & Orlikowski, 2004; Siebdrat, Hoegland & Ernst,
2009). In addition, a reduction of face-to-face interaction in virtual teams (as distinct from 
traditional teams) can result in major motivational challenges (Hertel, Konradt & Orlikowski,
2004), and difficulties with communication and trust (Verburg & Bosch-Sijtsema, 2007). A 
reduction in face-to-face interaction can even result in feelings of anonymity and low social 
control (Hertel, Konradt & Orlikowski, 2004). Siebdrat, Hoegland & Ernst (2009) argue, "that 
the quality o f task-related processes appears to be a significant factor in deciding whether 
dispersion becomes a liability or an opportunity" (p. 65). Siebdrat, Hoegland & Ernst (2009) 
provide an overview of several opportunities and liabilities of virtual teams (see Figure 
3.23).
Opportunities Liabilities
• Heterogeneous knowledge resources
• Utilization of cost advantages
• Access to diverse skills and experience
• Knowledge about diverse markets
• 'Follow the sun' working
• Language barriers
• Cultural incompabilities
• Difficulties establishing 'common ground'
• Few synchronous face-to-face 
interactions
• Good teamwork more difficult to achieve
Figure 3.23 -  Opportunities and liabilities of virtual teams (Siebdrat, Hoegland & Ernst, 2009)
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Definition of a virtual team
The current literature on virtual teams provides many insights and perspectives (Verburg & 
Bosch-Sijtsema, 2007). However, the current literature seems to disagree on what a virtual 
team exactly is (Hertel, Konradt & Orlikowski, 2004; Martins, Gilson & Maynard, 2004). As a 
result a proliferation of definitions occurred (Martins, Gilson & Maynard, 2004). In an 
attempt to resolve the theoretical problem of what a virtual team is (and what it is not), 
several definitions increasingly focus on a team's extent of virtualness (Martins, Gilson & 
Maynard, 2004). Verburg & Bosch-Sijtsema (2007: 4) define 'virtualness' as follows: "the 
extent to which a group is geographically distributed, is organizationally and culturally 
diverse, has different time frames for work, communicates electronically ('mode of 
interaction') and whose members are freelance or have fixed contracts with an 
organization". According to Martins, Gilson & Maynard (2004) a team's extent of virtualness 
"may vary depending on the nature of the task, technological resources, and members' skills 
and capabilities" (p. 808). However, for simplicity reasons, the term 'virtual team' is used for 
"teams with high levels of virtuality" (Hertel, Konradt & Voss, 2006: 479). Most authors 
agree on two distinguishing characteristics of virtual teams as opposed to traditional teams, 
namely virtual team members are: geographically dispersed and rely on technology­
mediated communication (Bell & Kozlowski, 2002; De Leede et al., 2008; Hertel, Konradt & 
Voss, 2006; Horvath & Tobin, 2001; Martins, Gilson & Maynard, 2004; Piccoli, Powell & Ives,
2004). We elaborate on these two distinguishing characteristics later on. Based on Hertel, 
Konradt & Orlikowski (2004: 2) and Martins, Gilson & Maynard (2004: 808) we define 
'virtual teams' as: Groups that consist of two or more persons who perform interdependent 
tasks to achieve shared goals, while (at least) some of the team members work at different 
locations so that communication and coordination is predominantly based on electronic 
communication (email, fax, phone, video conference, etc.).
Geographical dispersion
The most prominent distinguishing characteristic between a virtual team and a traditional 
team is the lack of physical proximity of their members (Horvath & Tobin, 2001). Forsyth 
(2006) refers to this phenomenon as the 'proximity principle', which he defines as "the 
tendency for individuals to form interpersonal relations with those who are close by" (p. 
125). Physical proximity improves members' feelings of familiarity and regularly interacting 
on an informal basis strengthens interpersonal relations between these members (Siebdrat, 
Hoegland & Ernst, 2009). The effect geographical dispersion has on team members' way of 
interacting with one another is more important than the specific distance that separates the 
(virtual) team members, according to Bell & Kozlowski (2002). However, this could be 
seriously questioned. Regarding the specific distance, Lipnack & Stamps (1997) argue that, 
"people are not likely to collaborate very often if they are more than 50 feet apart" (p. 8). In 
their study, Siebdrat, Hoegland & Ernst (2009) measured the impact of dispersion of team 
members on their team performance (measured in terms of effectiveness: the quality of 
team output; and efficiency: time and cost). Figure 3.24 presents the results of the study 
performed by Siebdrat, Hoegland & Ernst (2009).
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Figure 3.24 -  Results of effects of the level of dispersion on team performance 
(Siebdrat, Hoegland & Ernst, 2009)
As could be expected, their research showed that performance is lower for teams with 
members located in the same building on different floors compared with teams where all of 
their members are on the same floor (Siebdrat, Hoegland & Ernst, 2009). Their results are in 
accordance with previous statements. However, surprising are their findings that the teams' 
efficiency is the lowest with members located at the same building with members on 
different floors. As an explanation, they argue that teams "with members in the same 
building, albeit on different floors, do not usually consider themselves as being dispersed 
and, hence, may easily underestimate the barriers to collaboration deriving from, for 
instance, having to climb a flight of stairs to meet a teammate face-to-face" (Siebdrat, 
Hoegland & Ernst, 2009: 66). In our research, the focus is on teams with members at 
geographically dispersed locations (i.e. production location and collaboration center) within 
the same country (which is referred to as a 'non-global virtual team' as opposed to a 'global 
virtual team').
Technology-mediated communication
Members at geographically dispersed locations are linked by using technology-mediated 
communication (Rico & Cohen, 2005). This technology allows, "team members to 
communicate and share data and information despite disparities in location and time-zone" 
(Rico & Cohen, 2005: 263). Examples of technologies used in virtual teams are: telephones, 
e-mail (Martins, Gilson & Maynard, 2004; Rico & Cohen, 2005), electronic bulletin boards 
(Martins, Gilson & Maynard, 2004; Rico & Cohen, 2005; Verburg & Bosch-Sijtsema, 2007), 
instant messaging (Martins, Gilson & Maynard, 2004), and videoconferencing tools (Rico & 
Cohen, 2005; Verburg & Bosch-Sijtsema, 2007). These technologies vary in the extent of 
media richness in ways of communicating and in the extent to which they support 
synchronous collaboration (Martins, Gilson & Maynard, 2004). McGrath & Hollingshead 
(1994) provide an overview of media of increasing potential richness of information (see 
Figure 3.25).
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Figure 3.25 -  Media of increasing potential richness of information (based on McGrath & 
Hollingshead, 1994)
In terms of media richness and synchronicity, computer systems and e-mail are lower on 
both dimensions, compared with videoconferencing, which is relatively high in media 
richness and in synchronicity (Martins, Gilson & Maynard, 2004; McGrath & Hollingshead, 
1994). As can be observed in Figure 3.25, 'face-to-face systems' (i.e. face-to-face 
interaction) is the media with the highest potential richness of information (McGrath & 
Hollingshead, 1994). It should be noted that it is not always true that face-to-face 
communication leads to the best possible outcome.
VIRTUAL TEAMS THEORY AND ORGANIZATIONAL DESIGN 
ORGANIZATIONAL STRUCTURE
In general, little empirical research on organizational structures in virtual teams has been 
conducted (Ahuja & Carley, 1999; Piccoli, Powell & Ives, 2004).
Differentiation. Allocation of tasks across geographically dispersed locations has 
implications for differentiation (i.e. division of labor). In case geographically dispersed team 
members have interdependent tasks, they "have a distance problem to solve" (Lipnack & 
Stamps, 1997: 44). Siebdrat, Hoegland & Ernst (2009) relate a team's level of dispersion to 
organizational design, by arguing that "a team's level of dispersion is neither preordained 
nor fixed; rather, it is an organizational design parameter that companies can set and 
adjust" (Siebdrat, Hoegland & Ernst, 2009: 64).
In our literature study, we did not encounter any guidelines for differentiation of 
organizational structure in virtual team(s) (environments), but, we did encounter limited 
guidelines for 'vertical' and 'horizontal' coordination mechanisms in virtual teams, which we 
discuss in turn.
Vertical coordination mechanisms. It is assumed that the pressure towards more 
decentralized units in organizations also predicts decentralized organizational structures for 
virtual teams (Ahuja & Carley, 1999; Qureshi & Vogel, 2001). Ahuja & Carley (1999) 
conducted a study on organizational structure in a virtual research organization. Contrary to 
the prediction of decentralized organizational structures for virtual teams, Ahuja & Carley 
(1999) found a considerable level of centralization in this virtual research organization. 
However, their study focused on a virtual research organization, as distinct from virtual
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teams in a production organization as is the case in our research. To what extent the 
findings of Ahuja & Carley (1999) can apply to our specific context remains unclear.
Horizontal coordination mechanisms. Coordination has been linked to performance of 
virtual teams (Powell, Piccoli & Ives, 2004). However, coordination is challenging in virtual 
work environments, therefore, coordination issues are often mentioned in virtual team 
research (Hertel, Konradt & Orlikowski, 2004; Piccoli, Powell & Ives, 2004; Powell, Piccoli & 
Ives, 2004; Qureshi & Vogel, 2001). These coordination issues emerge due to 
interdependencies between geographically dispersed team members (Piccoli, Powell & Ives, 
2004). Allocation of tasks based on competencies with geographically dispersed team 
members is the key coordination challenge in virtual teams (Qureshi & Vogel, 2001). 
According to Piccoli, Powell & Ives (2004) rules and procedures are often introduced to deal 
with coordination issues in virtual teams.
They perceive a need for additional research on "interventions and approaches designed 
to improve virtual team coordination" (Powell, Piccoli & Ives, 2004: 12).
Petroleum companies installed information media to overcome distances for members with 
interdependent tasks. Installing information media (i.e. technology-mediated 
communication) seems like a solution to the petroleum industry for providing a way of 
coordinating the increasingly required task interdependence. Therefore, the idea might 
arise that the (preferred) functional organizational structure can remain unchanged, by 
installing these information media. Whether this is indeed an effective solution for 
coordinating staff in CWEs, we will discuss in Chapters 5 & 6.
TASK CHARACTERISTICS
Task complexity. Research on virtual teams has indicated that these teams are often used 
to perform complex tasks (Martins, Gilson & Maynard, 2004). Performing complex tasks 
often requires multiple specialists and this specialism will not always be present at the same 
geographical location. Virtual teams allow these multiple specialists to work on complex 
tasks, regardless of their physical location (Bell & Kozlowski, 2002). Despite the importance 
of task complexity in virtual teams, this topic has not received attention in academic 
research on virtual teams (Bell & Kozlowski, 2002). An explanation for the lack of attention 
for task complexity in virtual teams' research is provided by Bell & Kozlowski (2002) 
themselves, stating, "the tasks, goals, or missions they are designed to accomplish are not 
necessarily different from those of conventional teams. It is the way they go about 
accomplishing those tasks, and the unique constraints they face, that is different" (p. 21).
Task interdependence. Virtual teams are believed to work on interdependent tasks 
towards a common goal (Martins, Gilson & Maynard, 2004). Lipnack & Stamps (1997) 
present a simple virtual team system of principles, of which 'interdependent tasks' is part. 
Common goals are the input for having interdependent tasks (processes) (Lipnack & Stamps,
1997).
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THEORETICAL AND METHODOLOGICAL ISSUES
In general, Virtual Teams theory is still theoretical and conceptual in nature, and provides 
limited empirically grounded guidelines for our research. Below, we briefly discuss a few 
theoretical and methodological issues of Virtual Teams theory, which we encountered 
during our literature review.
Theoretical issues
Assumption that traditional face-to-face teams outperform virtual teams. The majority of 
Virtual Teams theory compares virtual teams with traditional face-to-face teams (Piccoli, 
Powell & Ives, 2004). As such, there is nothing wrong with this comparison, since the 
isolation of the effects of virtualness can provide insights into distinctions between 
traditional face-to-face teams and virtual teams (Piccoli, Powell & Ives, 2004), but, there is a 
tendency to assume that traditional face-to-face teams always outperform virtual teams. 
Several studies have found collaboration between geographically dispersed members to be 
more difficult than between collocated members (Siebdrat, Hoegland & Ernst, 2009). Most 
of Virtual Teams theory (up to now) mainly focuses on the existence of coordination (cf. 
Hertel, Konradt & Orlikowski, 2004; Piccoli, Powell & Ives, 2004; Powell, Piccoli & Ives, 2004; 
Qureshi & Vogel, 2001) and communication difficulties (cf. Kayworth & Leidner, 2000; 
Martins, Gilson & Maynard, 2004; Powell, Piccoli & Ives, 2004; Verburg & Bosch-Sijtsema,
2007) in virtual teams in terms of them being not collocated (i.e. face-to-face) teams. Based 
on results of their study, however, Siebdrat, Hoegland & Ernst (2009) conclude that virtual 
teams can outperform their collocated counterparts. Siebdrat, Hoegland & Ernst (2009: 65) 
argue, "dispersed teams that had high levels of task-related processes were notably able to 
outperform collocated teams with similar levels of those same processes despite the 
physical separation of their members".
Lack of empirical research on organizational design of virtual teams. A lot of work 
remains to be done on organizational design and management of virtual teams (Martins, 
Gilson & Maynard, 2004). Systematic insight into organizational design of effective virtual 
teams is highly desirable (Verburg & Bosch-Sijtsema, 2007). In accordance with Martins, 
Gilson & Maynard (2004), we encountered limited empirical research on organizational 
design of virtual teams. For example, we encountered very limited guidelines on 
organizational structure in virtual teams. The only empirical study we found is by Ahuja & 
Carley (1999), who conducted a study on organizational structure in a virtual research 
organization. However, their study focused on a virtual research organization differs from 
virtual teams in a production organization as is the case in our research. To what extent the 
findings of Ahuja & Carley (1999) can apply to our specific context remains unclear. We 
believe organizational design in virtual teams provides great opportunities for empirical 
research.
Methodological issue
A general problem with comparing and aggregating findings from the research on virtual 
teams is the great variation in research design and context (Munkvold & Zigurs, 2007). 
Martins, Gilson & Maynard (2004) provide an overview of 93 empirical studies. Of these, 66 
were lab studies, 27 were case studies. Thus, most empirical studies on virtual teams were
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conducted in lab settings (66 out of 93). In their research, Powell, Piccoli & Ives (2004) 
reviewed 52 studies on virtual teams (see Table 3.1). They made a distinction between on 
the one hand Short-term (teams whose life is limited to less than six months) versus Long­
term studies; and on the other hand Non-global versus Global virtual teams. Short-term 
versus Long-term virtual teams is referred to as the duration of the virtual team. Most of the 
reviewed studies concerned Short-term virtual teams (39 out of 52), with the emphasis on 
Non-global virtual teams. Powell, Piccoli & Ives (2004) refer to the distinction between Non­
global and Global as the scope of the research. Almost every short-term study has been 
executed by using student subjects. These are almost always laboratory settings, instead of 
real-life settings. De Leede et al. (2008) argue that most literature on virtual teams is still 
conceptual, not empirical. If there is empirical literature, it is mostly based on case studies 
of (MBA) students in a quasi-experimental setting (De Leede et al., 2008). Results on virtual 
teams found in experimental settings cannot be directly applied to virtual teams in natural 
(i.e. real-life) settings (Rico & Cohen, 2005). As Rico & Cohen (2005: 270) argue "though 
every experiment is designed with a view to obtaining evidence of causal relationships, the 
extrapolation of laboratory findings to real contexts always involves an additional effort". In 
addition, Martins, Gilson & Maynard (2004: 823) argue that "It is imperative, though, that 
empirical research moves out of laboratory settings and into the field in order to advance 
the literature through the asking and answering of questions that cannot be adequately 
tested in a laboratory setting". Our research contribution consists of conducting empirical 
research in a 'field setting', as opposed to a 'laboratory setting'.
Short term
(All short term studies used student 
subjects except Ramesh & Dennis, 2002) 
Short term those whose life is limited to 
less than six months
Long term
(All long term studies were field based)
Non-global 16 studies 8 studies
(38,1%) (19,05%)
Global 13 studies 5 studies
(30,95%) (11,9%)
Table 3.1 -  Overview of studies reviewed by Powell, Piccoli & Ives (2004) (numbers are based 
on studies by Powell, Piccoli & Ives, 2004)
After our literature review, we have reached the point of integrating theories and 
perspectives on our concepts of research. This will be done in section 3.7 Conceptual model.
3.7 Conceptual model
The conceptual model relates our variables of research to each other. Figure 3.26 presents 
our conceptual model.
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Figure 3.26 -  Conceptual model
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(a) Influence of Type of organizational structure of Operating Unit on Task characteristics of 
work in the CWE. The way work is organized (in terms of work procedures, organizational 
structure, etc.) determines the level of task interdependence (Van Vijfeiken et al., 2002). 
The way of differentiating the organizational structure of the Operating Unit directly 
influences the task interdependencies between staff within the CWE. Differentiation sets 
the boundaries between 'intra-unit task interdependence' and 'inter-unit task 
interdependence' (cf. Tushman & Nadler, 1978). Differentiation results in employees from 
each unit perceiving problems primarily from the unit's point of view (Lorsch, 1977) and 
trying to accomplish its own unit's goals. Differing goals of units coincides with having 
different priorities between units. Differing priorities can be a major source of disagreement 
(Proehl, 1996), and can produce conflict (Lorsch, 1977).
In §3.4.1, we argued that our assumption is that staff in Collaborative Work Environments is 
dealing with complex tasks, since its tasks' inputs cannot be easily a priori determined. The 
more differentiation in the organization, the more difficult it will be to have an integrated 
overview of the tasks' inputs. Complex horizontal coordination mechanisms, like integrating 
roles, integrating departments and matrix organizations (cf. Brown, 1999; Galbraith, 1973, 
1974; Nadler & Tushman, 1997) can facilitate the integration of a highly differentiated 
organization.
(b) Task characteristics of work in the CWE and CWE organizational design objectives. 
Quality of cross-functional collaboration depends on whether members in the CWE have 
common goals in place (Parker, 1994; Webber, 2002). Lacking having common goals in place 
results in having different priorities between its members (Proehl, 1996). Virtual teams are 
believed to work on interdependent tasks towards a common goal (Martins, Gilson & 
Maynard, 2004). Common goals are the input for having interdependent tasks (processes) 
for virtual teams (Lipnack & Stamps, 1997).
Since staff in CWEs is dealing with complex tasks, we assume that the nature of decisions in 
Collaborative Work Environments will be 'non-routine decisions' as distinct from 'routine
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decisions' (cf. Huber & McDaniel, 1986). Complex decision-making situations require an 
organizational design that facilitates to include various types of expertise, which results in 
more structural differentiation (Huber & McDaniel, 1986). Because the CWE is an attempt to 
improve the quality of decision-making, employees with high levels of task interdependence 
from differentiated units will collaborate intensively to reach high quality decisions. 
However, as Lorsch (1977: 10) argues, "the more differentiation, the more varied the 
viewpoints of the units involved in decisions and, therefore, the more difficult it is to 
achieve integration". In situations of non-routine decisions (cf. Huber & McDaniel, 1986), 
more subordinates are needed to participate in the decision-making process, which refers 
to 'decentralization' (Duncan, 1979).
(c) Influence of Level of competencies in CWE on the relationship between Task 
characteristics of work in the CWE and CWE organizational design objectives.
In our research, we divided competencies into 'taskwork-related', 'teamwork-related' and 
'telecooperation-related' competencies (based on Hertel, Konradt & Voss, 2006). The CWE 
organizational design objectives are: the quality of cross-functional collaboration, virtual 
collaboration, and decision-making. We expect that the intensified collaboration (in terms of 
task interdependence) between staff of varying functional backgrounds (cross-functional 
collaboration) and collaborating over distance (virtual collaboration) are affected by the 
(current) level of competencies of staff working in the CWE. Effective cross-functional 
collaboration (CWE organizational design objective) requires a high level of 'teamwork- 
related competencies' (Level of competencies in the CWE). Effective virtual collaboration 
(CWE organizational design objective) requires a high level of 'telecooperation-related 
competencies' (Level of competencies in the CWE).
Summary Chapter 3
• The business process of oil and gas production contains four control loops, based on 
different time scales for their decisions: Real-Time Operations (with a timescale of 1 
second -  1 day); Production Optimization (with a timescale of 1 day -  3 months); 
Well & Reservoir Management (with a timescale of 3 months -  2 years), and; Field 
Development Planning (with a timescale of 2 -  10 years);
• Three variables of research were discussed: organizational structure of the Operating 
Unit, task characteristics of work in the Collaborative Work Environment, and 
competencies in the Collaborative Work Environment;
• Sociotechnical systems theory emphasizes the benefits of the process-based 
organization, in contrary to the functional organization;
• In the petroleum industry there is a continuous switch between a functional and 
process-based organization. The petroleum industry now returned to the matrix 
organization, since it can combine the dual authority of functional and process lines;
• Organizational structure is distinguished between differentiation and coordination of 
tasks;
• The business process of production of oil and gas is broken down into three other 
levels: Control loops, process elements, and tasks;
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• In the 2000s,' the Big crew change' and the implementation of 'Smart Oil Fields' urge 
for a shift in the way of working and therefore in accordance a shift in required 
competencies of staff;
• Three types of competencies were distinguished: Taskwork-related, teamwork- 
related, and telecooperation-related competencies;
• Virtual teams have two prominent distinguishing characteristics (compared to 
traditional teams): the lack of physical proximity of their members, and therefore, 
that these members at geographically dispersed locations are linked by using 
technology-mediated communication.
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PART II
ORGANIZATIONAL DESIGN CHALLENGES OF 
CLOSING THE LOOP -  AN EMPIRICAL PERSPECTIVE
In the first part, the theoretical perspective on Collaborative Work Environments and 
organizational design was dominant. In this second part, we present our research design for 
our cases and our empirical results. Chapter 5 presents our results of three cases of 
Collaborative Work Environments in Smart Oil Fields. These results are the antecedents for 
our analysis in Chapter 6 (part III of this research).
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CHAPTER 4
RESEARCH DESIGN
This chapter provides the research design used in this research. In §4.1, we motivate our decision for using a case-study research design. Then, the methods of data collection are described in §4.2. In §4.3, we explain our methods of data analysis. The 
design sequence model is presented in §4.4.
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4.1 Case study design
Research theme and objective
In this research, we investigated the organizational design challenges of Collaborative Work 
Environments in Smart Oil Fields. We formulated the research objective as "To provide the 
petroleum industry with guidelines for the organizational design of the Collaborative Work 
Environments, in support of the operation of Smart Oil Fields". The unit of analysis in our 
research is therefore: 'Collaborative Work Environments in Smart Oil Fields'. The unit of 
analysis is the social phenomenon under study (Braster, 2000).
The research objective needed to result in guidelines to deal with the organizational design 
challenges, which can be referred to as a 'design-based research' (cf. Andriessen, 2007; 
Stam, 2007). Design-based research is perceived as a methodology and approach that can 
support bridging the gap between research and practice (Andriessen, 2007). As a result, 
design-based research is a combination of two parallel streams of knowledge production: 
knowledge stream and practice stream (Stam, 2007). Stam (2007: 16) argues that "whereas 
the practice stream aims at solving specific problems in specific situations, the knowledge 
stream focuses on producing generalizable and transferable knowledge that can be used as 
solution concepts for solving similar problems in similar concepts". Figure 4.1 provides the 
two parallel streams of knowledge production in design-based research (Stam, 2007).
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Figure 4.1 -  Two parallel streams of knowledge production in design-based research (Stam, 2007)
To connect the two streams of knowledge production in the different contexts, each stream 
is based on a different learning cycle. The knowledge stream is based on the reflective cycle, 
whereas the practice stream is based on the problem-solving cycle (Stam, 2007). In order to 
ensure connection between the knowledge and practice stream, an expert panel was 
created in 2007. This expert panel consisted of 5 members of academic (knowledge stream) 
and 2 members of the petroleum industry (practice stream).
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Practice stream
We started by conducting informal interviews and workshops with internal staff of Shell and 
external consultants in the upstream petroleum industry. The results of these informal 
interviews and workshops provided an answer to our first central research question: What 
are the most important objectives for Collaborative Work Environments in Smart Oil Fields?
Knowledge stream
Having insights into the objectives of CWEs, we searched the literature for an answer to our 
second central research question: Which guidelines do theories of organizational design & 
change provide for the organizational design of Collaborative Work Environments in Smart 
Oil Fields? We identified two fields of theory as particularly relevant for providing an answer 
to this second central research question. First, we relied on the modern sociotechnical 
systems approach within the field of organizational theory (De Sitter, 1998; Kuipers & Van 
Amelsvoort, 2002; Van Amelsvoort, 1992) to inform our analysis of the relations between 
organizational structure and technical systems. The systems perspective made it relatively 
easy to bring the technical perspective of ISAPP (technical control loop) together with an 
organizational perspective (organizational control loop). In addition, because of its design- 
oriented nature, modern STS provided design sequence rules to cope with the 
organizational design challenges for CWEs in Smart Oil Fields. The sequence of strategic 
positioning, production and control structure were useful guidelines for our 'concept 
solution'. Second, we made use of the literature on virtual teams to collect insights into the 
specific requirements for organizing virtual collaboration in organizations.
Variables of research
Based on our literature study, we identified three variables to be relevant for organizational 
design guidelines: organizational structure, task characteristics and competencies (of staff). 
Figure 4.2 provides an overview of each of the variables, dimensions and topics.
Variable Dimension Topic
Organizational structure Differentiation Forms of grouping
Coordination Collaboration within a team
Collaboration between teams
Task characteristics Task complexity Difficult aspects of job
Task interdependence Persons direct communication with
Persons direct task performance
Persons virtual communication
Competencies Taskwork-related Acquiring of new competencies by working in
Teamwork-related "  CWE
Telecooperation-related Training received for working in CWE 
Need for additional training for working in 
CWE
Figure 4.2 -  Variables dimensions and topics of research
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Characteristics of research
To provide adequate guidelines for organizational design of CWEs in Smart Oil Fields to the 
petroleum industry, we considered conducting research at the field locations of (upstream) 
petroleum companies essential. The selection of a research design depends on the goals of 
the researcher and the nature of the research theme (Benbasat, Goldstein & Mead, 1987). 
Two particular features of our research are that (a) the social phenomenon under study 
(Collaborative Work Environments in Smart Oil Fields) cannot be separated from its context 
(upstream petroleum companies), and; (b) in-depth insights are required into the current 
organizational design effectiveness of CWEs in Smart Oil Fields, to be able to provide 
guidelines to the (upstream) petroleum industry.
Case study design
Case study research appeared to be an appropriate research design for this study for several 
reasons. First, case study research allows the researcher to in-depth study the phenomenon 
in its natural context by using multiple methods of data collection to gather information 
from one or more entities (Benbasat, Goldstein & Mead, 1987). This in-depth knowledge 
can be used for solution concepts to solve similar problems in similar concepts (i.e. 
knowledge stream). Second, since case study research includes the context of the 
phenomenon (Yin, 2003), it can add to solve specific problems in specific contexts (i.e. 
practice stream). Third, case study research enabled us to combine the knowledge stream 
(in-depth knowledge) and practice stream (to provide guidelines). In this chapter, we 
elaborate on these aspects of case-study design.
An important distinction is case-study research is single-case versus multiple-case design 
(Yin, 2003), which we discuss next.
Multiple-case design
The Smart Oil Fields work practices are largely determined at the production location 
(referred to as 'Operating Unit'), since this is the autonomous bodies of most upstream 
petroleum companies (CERA, 2006). In this research, a Collaborative Work Environment in a 
Smart Oil Field (social phenomenon) at an Operating Unit of an upstream petroleum 
company (context) is considered as a 'case'. A key decision in the case study design is 
whether to include a single case or multiple cases in the study (Benbasat, Goldstein & Mead, 
1987). Single-case studies can provide a rich description of the existence of a phenomenon 
(Eisenhardt & Graebner, 2007), but they have limited analytical power and external validity 
(Verschuren, 2003). Yin (2003) defines 'external validity' as: "establishing the domain to 
which a study's findings can be generalized" (p. 34). Multiple cases have higher external 
validity compared to single cases, but might reduce the depth of study in situations where 
resources are limited (Eisenhardt & Graebner, 2007; Voss, Tsikriktsis & Frohlich, 2002). We 
included three cases of CWEs in Smart Oil Fields of Shell (as member of the ISAPP research 
consortium) in our research. Shell is considered as an early adopter of the CWE concept in 
the upstream petroleum industry (Vindasius, 2008). In terms of Yin (2003), our research is 
characterized by a 'multiple-case design'.
105
Case selection
In the literature, two main criteria for case-selection are identified: (1) Literal replication, 
which predicts similar results for the cases, and; (2) theoretical replication, which produces 
contrary results, however for predictable reasons (cf. Swanborn, 2003; Verschuren, 2003; 
Voss, Tsikriktsis & Frohlich, 2002; Yin, 2003). However, in situations of business research on 
site, cases are often selected by the sponsor (Swanborn, 2003). In our research, three cases 
of CWEs in Smart Oil Fields were provided, which were considered to have the appropriate 
level of maturity (according to the sponsor) to be included. Following criteria were used to 
decide the appropriate level of maturity for our cases, CWEs in Smart Oil Fields were 
required to have established: (a) cross-functional collaboration; (b) virtual collaboration, 
and; (c) decision-making (our objectives of CWE).
4.2 Data collection
Including multiple data collection methods is typical for case study research (Benbasat, 
Goldstein & Mead, 1987). The use of different methods of data collection, to study the same 
phenomenon, is referred to as 'triangulation' (Voss, Tsikriktsis & Frohlich, 2002). 
Triangulation is a well-known procedure for verification of the data quality (Wester, 1987). 
Case study research particularly uses data collection methods such as: interviews, 
documents, observations, questionnaires and archival records (Eisenhardt, 1989; Yin, 2003). 
Specific data to be collected depends on the unit of analysis and the research questions. Our 
third central research question was formulated as: Which problems are currently 
experienced with regard to the effectiveness of Collaborative Work Environments in Smart 
Oil Fields?
For providing an answer to the third central research question, we used interviews, 
document analysis and observation as the methods of data collection. Table 4.1 provides an 
overview of the methods of data collection used per case.
Methods of data collection Case A Case B Case C
Interviews1 11 17 11
Document analysis2 6 7 3
Observation3 8 8 8
1 Number of interviews conducted
2 Number of docum ents gathered
3 Number of days on site
Table 4.1 -  Methods of data collection used per case
We discuss each of the methods of data collection used: interviews, document analysis and 
observation.
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4.2.1 Interviews
The interview is considered as one of the most important sources of case study information 
(Yin, 2003). A common distinction between types of interviews is between 'structured' and 
'unstructured' interviews (cf. Voss, Tsikriktsis & Frohlich, 2002; Wester, 1987). In a 
'structured' interview the content, the sequence of questions, and answer possibilities are a 
priori determined (Maso, 1987). In our research, we used in-depth 'unstructured' interviews 
with an interview guide of topics (see Appendix A). The structure in interviews was based on 
the (a) sequence of topics of the interview guide, and (b) interviewees' drawings. 
Respondents were asked to draw their task interdependencies, followed by the indication of 
the nature of collaboration with others. To be able to compare the indications of the nature 
of collaboration, respondents were asked to indicate the difference by using different 
colors. Based on their indication, questions were asked to explore the causes of their 
indications. In terms of Yin (2003: 89), the interviews appeared "to be guided conversations 
rather than structured queries". This open-ended nature of unstructured interviews 
provides respondents the possibility to express their opinions about events (Yin, 2003), 
therefore have a higher level of validity than structured interviews (Maso, 1987). To ensure 
comparison between the respondents with regard to the nature of collaboration in drawings 
made, a procedure was made and explained by the interviewer.
Selection of respondents
For selecting the right respondents for our research, we had support of several informants. 
An informant is a person who knows which staff member might be useful to interview and 
can provide access to this staff member (Voss, Tsikriktsis & Frohlich, 2002). In our research, 
two types of informants supported access to the right persons: (a) the Global CWE Leader 
located at the Shell Headquarters, who supported the access to the production locations 
(Operating Units). This person is referred to as the 'principle informant' (cf. Voss, Tsikriktsis 
& Frohlich, 2002). (b) The Local CWE leader, who was the prime contact at the production 
locations. This person supported in the selection of respondents during the field visit. In 
order for respondents to be selected, they had to be working within the physical 
environment of the CWE (collaboration center) or be directly (daily) involved in the CWE.
Content of interviews
In total we conducted 39 interviews. Of these 39, 37 were face-to-face interviews, whereas 
2 interviews were by teleconferencing. In our interviews, we focused on (a) task 
characteristics, (b) collaboration and coordination both within and between teams, and (c) 
competencies of staff. The length of the interviews varied between approximately 30 to 90 
minutes. All interviews were recorded, except for two interviews where interviewees 
refused permission to record. In case an interviewee refuses permission, a recording device 
should not be used (Yin, 2003). Full transcription of the interviews is recommendable for its 
analysis in a later stage (Braster, 2000). All 39 interviews were fully transcribed. Afterwards, 
we interpreted the data gathered. For verifying the quality of the interpretations, 
researchers can use the procedure of 'member checks'. Interpretations of the interviewer
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are returned to the interviewees for verification (Wester, 1987). Indeed we returned our 
interpretations to the interviewees for verification.
4.2.2 Document analysis
In any data collection in case study research, documents play an important role (Yin, 2003). 
Documents often contain information, which is difficult to gather by using other methods of 
data collection (Maso, 1987). For our document analysis, we used several documents: (a) 
Annual reports of the Operating Units to describe the context of the cases; (b) 
Organizational charts to gain insights into the organizational structure of the Operating 
Units, and; (c) CWE implementation plans for exploring the reasoning behind the 
implementation of these specific environments.
4.2.3 Observation
In situations of making a field visit, the opportunity arises for direct observation of some 
relevant behavior (Yin, 2003). Relevant behavior in our research was particularly present 
during videoconferencing meetings between staff of the collaboration center (onshore) and 
the production site (onshore/offshore). During these meetings, staff with varying functional 
backgrounds discussed several issues by using videoconferencing as their primary 
communication medium. Observation provides the opportunity to directly observe behavior 
of interest for the research in its natural context (Maso, 1987). By observing staff's behavior 
during these meetings, we were able to collect data related to the CWE objectives: cross­
functional collaboration, virtual collaboration, and decision-making. In addition to the 
videoconferencing meetings, we attended a few meetings related to the Smart Oil Fields 
strategy. That way, insights were gained on the reasons behind implementation of the CWE 
(in Smart Oil Fields).
4.3 Data analysis
Analyzing data in case study research is one of the most difficult aspects of conducting case 
studies (Eisenhardt, 1989; Yin, 2003). Eisenhardt (1989) proposes two steps in analysis: 
analyzing data within each case, and searching for cross-case patterns (cross-case analysis). 
In accordance, we start by discussing analysis within each case, followed by cross-case 
analysis.
Analyzing data -  within cases
The first step in data analysis is "to analyze the pattern of data within cases" (Voss, 
Tsikriktsis & Frohlich, 2002: 213). Pattern matching is one of the most desirable techniques 
for case study analysis (Yin, 2003). Prior to our data collection and analysis, we defined a 
predicted pattern of specific variables resulting in our conceptual model (see Figure 3.26). In 
this model we assume that the 'organizational structure of the Operating Unit' 
(independent variable) directly influences the 'task characteristics of work in the CWE' 
(dependent variable). In turn, the 'task characteristics of work in the CWE' directly
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influences the 'CWE organizational design objectives' (dependent variable). Existing 
competencies are assumed to influence the relationship between 'task characteristics of 
work in the CWE' and 'CWE organizational design objectives', therefore being an 
'intervening variable'.
To analyze the pattern of data within cases, we started by coding the data. First, fragments 
of data were coded according to the dimensions of our variables of research. Second, new 
codes were created for fragments of data that did not fit the dimensions of our variables of 
research. After several iterations, a number of codes were clustered into new categories of 
codes. An example of a new category of codes was 'Field management issues -  ageing wells 
& facilities'. To systemically present the data, we used a 'display'. According to Miles & 
Huberman (1994: 91) a 'display' is "a visual format that presents information systematically, 
so the user can draw valid conclusions and take needed action". The categories of codes 
were combined with functions of persons (roles) in a 'role-ordered matrix'. A role-ordered 
matrix organizes data in rows and columns according to 'role occupants' (Miles & 
Huberman, 1994). By organizing data into a 'role-ordered matrix', we could rather easily 
compare views of either (a) different respondents within a similar role, or (b) different 
respondents between differing roles.
In the data analysis, we related the pattern of our conceptual model to the coded data. This 
comparison resulted in three individual case analyses. Descriptions of the individual cases 
were done according to the same format: Analysis per CWE objective and its organizational 
design. These individual case analyses were discussed with academic and industry experts 
(as members of the created expert panel). Afterwards, iterations were made to these 
individual case analyses.
Analyzing data -  searching for cross-case patterns
The second step in data analysis is to search for cross-case patterns (Eisenhardt, 1989). To 
deepen understanding and explanation is an important reason for cross-case analysis (Miles 
& Huberman, 1994). In addition, Miles & Huberman (1994: 172) argue that "at a deeper 
level, the aim is to see processes and outcomes across many cases, to understand how they 
are qualified by local conditions, and thus to develop more sophisticated descriptions and 
more powerful explanations". One way to search for cross-case patterns is "to select 
categories or dimensions, and then to look for within-group similarities coupled with 
intergroup differences" (Eisenhardt, 1989: 146). In accordance with Eisenhardt (1989), we 
started by selecting dimensions and then look for similarities and differences between the 
cases. In addition, by comparing the individual cases we explored several patterns. An 
example of a pattern was the importance of 'goal interdependence' between different 
disciplines in the organization. We explored differences between cases A and B on the one 
hand, and case C on the other. However, at that stage, we were not able to understand the 
causes of the differences given their local conditions. In the next section, the design 
sequence model according to the sociotechnical systems theory will be presented. We used 
this model to frame the discussion of our cross-case patterns. The building blocks (strategic 
positioning, structure, and systems) of the design sequence model were directly related to 
our three themes: (1) Structure follows strategy; (2) Design of the control structure follows
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design of the production structure, and; (3) Choice of systems follows the structural design 
of the organization.
4.4 Design sequence model
In order to provide a 'solution concept' (see Figure 4.1), design rules are required. In our 
research, we used the design sequence model according to sociotechnical systems theory.
Design philosophy
Organizational redesign according to sociotechnical systems theory (STS) emphasizes 
relationships between: organizational strategy, type of organizational structure, nature of 
transformation process, work and technology (Boonstra & Jongeneelen, 1996). STS 
advocates a certain design sequence, in terms of design sequence rules (cf. De Sitter, Den 
Hertog & Dankbaar, 1997; Kuipers & Van Amelsvoort, 2002; Van Amelsvoort, 1999). A 
design sequence model is represented in Figure 4.3 (based on Van Amelsvoort, 1999).
Figure 4.3 -  Design sequence model (based on Van Amelsvoort, 1999)
Strategic positioning. Analyzing the environment is the first step, which needs to result 
in a list of organizational design objectives (Benders, Doorewaard & Poutsma, 2000). In this 
research the design objectives are to improve: the quality of cross-functional collaboration, 
virtual collaboration and decision-making (see §2.6). Goals indicate ways to maintain the 
continuity of the organization (Van Amelsvoort, 1999). Asset performance on control loops 
is considered as goals for Smart Oil Fields. In turn, the strategy indicates how the goals will 
be realized, in terms of desired performance level and organizational design (Van 
Amelsvoort, 1999). Strategic positioning formulates the requirements for the organizational 
structure in the design sequence model (cf. Kuipers & Van Amelsvoort, 2002; Van 
Amelsvoort, 1999).
Production and control structure. The next step is to first design the production structure, 
preceded by the design of the control structure (De Sitter, Den Hertog & Dankbaar, 1997).
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The production structure should be designed from macro- to micro-level (Van Amelsvoort, 
1999), also referred to as top-down (De Sitter, Den Hertog & Dankbaar, 1997). In fact, the 
production structure concerns the way of differentiating organizational performance tasks, 
on which we elaborated in §3.3.1. The design of the control structure begins by allocating 
control tasks to the lowest organizational level (micro-level) to the highest level (macro­
level), also referred as 'bottom-up' approach (Benders, Doorewaard & Poutsma, 2000; De 
Sitter, Den Hertog & Dankbaar, 1997). Leading principles for coupling control tasks are: 
Unity of time, action and place (Boonstra & Jongeneelen, 1996; De Sitter, Den Hertog & 
Dankbaar, 1997). We elaborated on the control structure in §3.3.2.
Information structure. The information structure relates to the way information is 
gathered, registered, processed and exchanged (Boonstra & Jongeneelen, 1996: 15). The 
design of the information structure needs to be in accordance with the design of the 
production and control structure (De Sitter, 1998). Therefore, the way of designing the 
control structure sets the stage for design options for the information structure (De Sitter,
1998).
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CHAPTER 5
RESULTS
In this chapter we present the empirical results of our three research cases. Each case presentation is structured in the same way. First, an introduction to the case is provided. Second, the background of the implementation of Smart Oil Fields and Collaborative 
Work Environments in the particular case is given. Third, the field management issues of the 
particular asset are described. Fourth, the results on our variables of research are 
presented.
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Introduction
For our research14, we visited three Operating Units (OUs: cases A -  C) of Shell15, which 
implemented Collaborative Work Environments in Smart Oil Fields. These Operating Units 
implemented these CWEs at the asset level (see Figure 5.1). That way, Operating Units can 
combine several fields into one asset (for efficiency reasons). Each of the Operating Units 
has to cope with certain field management issues. These field management issues gave OUs 
their business cases for implementing Smart Oil Fields Technology into these specific fields. 
Figure 5.1 provides an overview of the focus (timeline) and level of our cases.
Level
operating
unit
asset
field
well
1 second -  1 day 
Real-Time 
Operations
1 day -  3 months 
Production 
Optimization
3 months -  2 years 
Well & Reservoir 
Management
2 years -  10 years 
Field Development 
Planning
timeline of 
control loop
Figure 5.1 -  Timeline of control loop and level for cases (based on Jansen et al., 2005; Knoppe,
2008)
The horizontal axis represents the timeline of the four control loops of the upstream 
petroleum industry. The vertical axis represents the level of analysis in the upstream 
petroleum industry. Each Operating Unit decided for one of its assets to focus on certain 
process elements (see §3.4) of the control loops. In fact, OUs were aiming for integrating at 
least two control loops with one another. However, in practice one of these control loops is 
receiving most emphasis. The emphasis in cases A and B is on the 'Well & Reservoir
14 Full references have been registered at Radboud University Nijmegen (Nijmegen School of 
Management). Quotes without references are derived from interviews or from publications that 
have not been released. Case descriptions without quotes are based on both on internal 
(confidential) documentation and publicly available papers.
15 Because of confidentiality, the names of the Operating Units have been changed. Shell 
International Exploration & Production, The Netherlands can be contacted for the original 
names of the Operating Units.
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Management' control loop, which focuses on 'reservoir management' (see §2.1). The 
emphasis of Case C is on Real-Time Operations (combined with Production Optimization), 
which focuses on 'production operations' (see §2.1).
5.1 Case A -  Jaffina Petrol
This location was visited in February 2009. The duration of the stay at the location was eight 
days.
5.1.1 Introduction to Jaffina Petrol
Shell operates as the major Independent oil company in Jaffina, organized in a joint venture 
partnership with the Jaffinian government. This joint venture partnership is 50% owned by 
the Jaffinian government and 50% by Shell, together forming Jaffina Petrol. In total, Jaffina 
Petrol has around 20 oil/gas-producing fields and about 600 connected wells offshore 
(Chong & Ibrahim, 1985)
Jaffina Petrol distinguishes three Assets (i.e. groups of oil & gas fields): (1) West Asset 
(offshore); (2) Alyak Asset (land/onshore), and; (3) East Asset (offshore). The research focus 
is on the East Asset, Olika & Olika West field.
Jaffina Petrol -  East Asset
A Shell observer argues that "The East Asset in Jaffina Petrol consists of a complex offshore 
production system (± 600 producing strings, 45 platforms, high pressure, low pressure 
streams, water injection, gas lift) that handles over 100 Kb/d of production from five fields". 
The remaining life duration of the East Asset fields is at least 50 more years.
Jaffina Petrol -  East Asset Olika
The Olika field started producing in 1972; first treated seawater injections have taken place 
in 1984. After 35 years of production, the Olika (main) field has only produced 20% of its oil 
in place.
Jaffina Petrol East Asset Olika West
The Olika West Field was discovered in 1975 (Bacarreza et al., 2008) and given the name 
'Olika West' in 1990 (Bacarreza et al., 2008). The Olika West (OW) field was accidentally 
discovered, when Jaffina Petrol drilled for gas lift supply (Van der Steen, 2006). The OW field 
is known as a highly complex offshore field, with difficult to operate reservoirs. One of the 
difficulties is the varying depth, between 2,000-4,000 meters (Bacarreza et al., 2008). 
Another complicating factor is formed by the long narrow compartments of the Olika West 
Fields (Bacarreza et al., 2008).
5.1.2 Implementation of smart oil fields in Olika West
The long narrow compartments of Olika West reservoirs required access to the reservoirs. 
The solution was found in developing Smart Wells, to snake the horizontal reservoir sections
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(Bacarreza et al., 2008). An advantage of a Smart Well is that "the well can be split into 
separate sections, each with its own remote measurement of pressure and temperature and 
control of flow rate" (Bacarreza et al., 2008: 2). According to Van der Steen (2006: 2-3) there 
are more advantages to the deployment of Smart Oil Fields here:
- Smart Wells and Smart Oil Fields give better data, faster response times and with that, 
an increase of reservoir recovery;
- Smart Oil Fields Technology is very good for staff morale. It is 'cool' again to work in the 
oil and gas business. With that, it does attract better staff to the company;
- Remotely operated platforms create less exposure to staff, fewer boat transfers and 
fewer helicopter flights. In an offshore environment like Jaffina, with its monsoon 
seasons, and many small platforms with boat access only (i.e. no helideck), accessibility 
problems due to unfriendly weather conditions create major exposure to production, 
maintenance and optimization deferral.
In order to support the implementation of Smart Wells (as part of Smart Oil Fields), Jaffina 
Petrol developed their Smart Oil Fields Strategy. Jaffina Petrol aims "to create assets that 
can be optimized, continuously and proactively implementing the value loop philosophy and 
become a recognized center of expertise for the region, the Shell Group and the industry". 
The implementation of this strategy makes sure that wells, facilities, reservoirs and pipelines 
are provided with sensors and control mechanisms that will enable reserves-recovery to be 
maximized and the optimum life control loop value realized. Indicators of delivery of Smart 
Oil Fields implementation are 10% increase in production and 8% in recovery (Jaffina Petrol, 
2007a). The first smart (wells) completions were implemented in developmental wells, 
drilled in the Olika West field and Makka field, in 1999 and 2000 (Van der Steen, 2006). As 
Van der Steen (2006) notes, the implementation of Smart Wells was done in existing, old 
infrastructure.
5.1.3 Implementation of the collaborative work environment in East Asset
In October 2006, Shell's first Collaborative Work Environment became fully operational in 
Jaffina Petrol Production Optimization Collaboration Center (POCC) in Jaffina Petrol's East 
Asset. In this CWE, staff of subsurface, surface, well services and offshore operations is 
collaborating closely for managing existing producing fields. The CWE POCC consists of three 
locations: (1) Onshore Headquarters (Collaboration Center); (2) Onshore Well Services, and; 
(3) Offshore Operations.
Jaffina Petrol formulated the objectives and principles for implementing the CWE as follows:
- Update, improve, and integrate Production System Optimization and Well & Reservoir 
Management process elements to achieve production performance goals more 
effectively and efficiently;
- Design a POCC to support the activities and decisions made by several (functional)
'siloed' technical and operations teams that have key roles to play in achieving the 
objective;
- Improve communication between onshore (Petroleum Engineering) and offshore 
functions (both operations and well services).
117
5.1.4 Field management issues in the East Asset
In order to realize both Smart Oil Fields Technology (in the Olika West field) and 
Collaborative Work Environments (mainly in the Olika field), several field management 
issues had to be dealt with. We mention these field management issues from the East Asset 
level, since most of these issues are beyond the field level.
Ageing wells and facilities
Ageing wells and facilities are considered an important field management issue. A Shell 
observer mentions that additional infrastructure, which was added over the past 35 years, 
and new plans for the fields became available. A result is a system that is difficult to 
maintain, which he refers to as 'organic growth of the production system'. In turn, as a 
result of the organic growth of the production system, allocation of individual wells and 
production measurement has been sub-optimal. Staff does not automatically rely on the 
available data. According to them, there are a lot of issues with regard to data quality and 
well testing is not taking place on a regular basis. As one respondent noted; a result of 
issues with regard to data quality is a lot of discussions during meetings.
Lack of maintenance of wells and facilities is another complicating factor for reliable data. 
Decision-making becomes more difficult, since staff is not able to see the impacts of the 
decisions made, due to not being able to test the sensitivity of well placements with the 
model used.
Figure 5.2 represents a visualization of the field management issue of ageing wells and 
facilities.
"Organic
growth of
production
system"
V
r
Lack of human
capability
Sub-optimal 
allocation of 
individual wells and 
production 
measurement
Unreliable
data
Difficult decision­
making since not 
being able to see 
impacts of 
decisions made
A
r
Lack of maintenance 
on wells and 
facilities
Figure 5.2 -  Field management issues in Jaffina Petrol East Asset
The department of Well Services does not have the capacity to execute all opportunities, as 
provided by the Well Reservoir Management (WRM) Team. Well Services is responsible to 
open up wells to either execute data gathering or maintenance jobs. Lack of human 
capability results in: (a) not realizing production optimization opportunities, and; (b) lack of 
maintenance on wells & facilities.
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Lack of human capability
Shell distinguishes three human capability challenges for the Jaffina Petrol East Asset.
The first challenge is related to the 'Big crew change'. As for Jaffina Petrol, the 'Big crew 
change' implies that about 40% of the Jaffinian workforce is expected to retire within 10 
years from now. As Shell notes, this "will result in a significant loss of experienced staff".
The second challenge for Jaffina Petrol is to make sure that skills & knowledge are 
effectively transferred from expat staff to Jaffinian staff, especially related to Job Group 3 + 
level. The Jaffinian government intends to rapidly nationalize Jaffina Petrol's workforce, 
which results in a reduction of Expat staff, replaced by local (i.e. Jaffinian) staff. Figure 5.3 
represents the East Job Group 3 + level of positions in 2007, divided into expat versus local 
staff.
EAST JG3+ Positions Expat vs Locals
□ Expat 
■ Local
Figure 5.3 -  East JG3+ positions expat vs. locals
As can be derived from Figure 5.3, the vast majority of the East Asset JG3+ positions is 
occupied by expats (74%). Rapid 'Jaffinianisation' of the workforce would require effective 
skill & knowledge transfer from expats to local staff.
The third challenge is the required competencies (i.e. skills & knowledge) to manage the 
waterflood (water injection into the reservoir, see §2.1) and Smart Oil Fields operations in 
Jaffina Petrol. Complicated operations of both waterflood and Smart Oil Fields require 
additional skills & knowledge of staff. Since Jaffina Petrol is the first implementer of Smart 
Oil Fields Technology, limited experience, skills & knowledge have been gained so far. 
Additional training of staff is highly required. Besides the Smart Oil Fields operations, 
waterflooding also demands for other skills & knowledge. Shell intends to "utilize the 
planned waterflood project in Olika as a base for training and developing the competencies 
required for Jaffinian".
5.1.5 Organizational control loop
In 2006, the Well & Reservoir Management process elements were mapped. Following 
process elements were distinguished:
(1) Monitor Production and Well Performance;
(2) Analyze, Update Models and Generate Options;
(3) Manage Dynamic Opportunity Register;
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(4) Plan Well Work Requests;
(5) Integrate Activity Plans (proposed)16;
(6) Gather Data;
(7) Execute Optimization Activities.
In addition to the mapped process elements, a consultancy firm created a Process model, by 
which the relationships between the process elements were visualized. We have simplified 
this model by only focusing on the WRM process elements. Thus, leaving any supportive 
process elements out of the model. Figure 5.4 shows the adjusted Process model.
Figure 5.4 -  Adjusted Jaffina Petrol POCC process model
A Shell observer argues that there is a need for well-mapped process elements in the 
Collaborative Work Environment of Jaffina Petrol. He argues that "it has to be clear to staff 
what events they have to respond to and what is a job for someone else". In the interviews, 
we asked respondents whether they were aware of the existence of the mapped process 
elements. Most respondents confirmed their awareness. However, they all responded 
negatively to the question if the mapped process elements are actually being used in the 
CWE. Contradictions with regard to the use of mapped process elements seem to exist. On 
the one hand, respondents mentioned that the mapped process elements added little value
16 Including this process element for improved integration was proposed by a consultancy firm in 
2006. However, this process element has not been included by Jaffina Petrol.
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to their work, since they knew what their own jobs included. One the other hand, 
respondents said they had limited awareness of the interdependence of their work with 
other jobs. It is well known from both the literature and practice of organization design that 
successful organization starts with awareness of the core process elements. Not only 
awareness of the individual job content, but also of the interdependencies is highly 
important. Collaboration between disciplines could benefit by awareness of the Well & 
Reservoir Management by staff.
During one of the Smart Oil Fields presentations in the Jaffina Petrol East Asset, a manager 
argued that the "control loop time from data to decision and execution is too long". He also 
provided possible reasons: "lack of availability of equipment, people and deferment 
[equipment that has been broken]". Other problems with process elements he indicated 
were: "lack of prioritized opportunity/activity register", and "lack of standardized activity 
description for wells". We will continue by exploring causes why the control loop time from 
data to decision and execution is too long.
Below, we show an organizational control loop (as provided by Ten Have, 2008), consisting 
of natural clusters of detect, evaluate and adjust, norm setting, judge, intervention planning, 
and execute. We relate the organizational control loop to the Well and Reservoir 
Management process elements of Jaffina Petrol (see Figure 5.5).
In terms of the organizational control loop, staff argued that within the CWE many 
opportunities are generated and planned for execution. However, few of these 
opportunities are actually executed. Apparently, a problem exists in the relationship 
between Intervention planning (4.0 Plan Well Work Requests) and Execute (6.0 Gather Data 
& 7.0 Execute Optimization Activities). Deliberately, we do not address the process element 
5.0 Integrate Activity Plans (proposed). This process element was proposed due to 
integration problems in the CWE in 2006. However, this process element has never been 
implemented in the organization. In order to search for causes at a more detailed level, we 
look at Task complexity within these process elements, and Task interdependence between 
staff both within and between these process elements in §5.1.7.
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Figure 5.5 -  Organizational control loop and Jaffina Petrol POCC WRM process elements
5.1.6 Results on organizational structure of the operating unit 
DIFFERENTIATION
In the Jaffina Petrol East Asset, tasks are grouped by function in disciplinary departments. 
According to one respondent the reason for choosing this type of grouping is that specialists 
within the same discipline can learn from each other and develop technical expertise. 
According to a respondent, the introduction of the Collaborative Work Environments was an 
attempt to bring the communication and decision-making to a lower (hierarchical) level in 
the organization. Besides working in functional, specialized departments, work is also 
executed in another way. In practice, as several respondents noted, work is executed in 
cross-functional teams. In 2000, Jaffina Petrol adopted an Asset Based Organization. This 
type of organization groups several oil & gas fields into a larger group (an Asset). Executing 
processes in cross-functional teams became the new work philosophy. Under the umbrella 
of Well & Reservoir Management (WRM), several processes (and projects) are executed in 
cross-functional teams. The organizational structure of Jaffina Petrol East Asset therefore 
has both characteristics of functional and process-based grouping. As for the functional 
grouping, the CWE of the East Asset consists of 3 organizational units: Operations; 
Petroleum Engineering; and Engineering. These organizational units are divided into 
subunits (see Figure 5.6).
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Despite adopting a multi-disciplinary Asset Based Organization, after 3 to 4 years functional 
silos of the departments continue to exist, as one respondent argued. Perceptions on 
effectiveness of current cross-functional collaboration differ. As a respondent argued:
"In times where problems with communication and integration occur, 
we try to strengthen the Asset-Based structure."
Besides the advantages of process-based grouping, it also has its drawbacks. One 
respondent reported that technical quality control of staff's work could be jeopardized. 
Figure 5.6 represents the organizational structure of the CWE as a matrix organization.
The dotted line shows staff members that are included in the CWE (below the dotted line) 
and staff members that are not included in the CWE (above the dotted line).
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Asset M anager East Asset
Collaborative Work 
Environment
Figure 5.6 -  CWE organizational structure represented as a matrix organization
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VERTICAL COORDINATION MECHANISMS
In addition to the division of the three organizational units: Operations; Petroleum 
Engineering; and Engineering, in this section we look at the hierarchy of the three units. 
According to Nadler & Tushman (1997) hierarchy of authority directly follows from grouping 
decisions. In accordance with several authors (cf. Harris & Raviv, 2002; Jones, 2004), we 
focus on the number of hierarchical levels and the span of control ["the number of 
subordinates a manager directly manages" (Jones, 2004: 317)]. Table 5.1 provides an 
overview of the hierarchy of authority of the CWE East Asset.
Unit Number of hierarchical Unit size
levels
Operations East Asset
Subunit: Field Operations 3 80 (total of Maintenance 
and Production)i
Subunit: Programming 2 5
Petroleum Engineering East Asset
Subunit: W RM Team Lead 2 5
Subunit: Reservoir Engineering 2 4
Subunit: Geology 2 7
Subunit: Production Technology 2 5
Subunit: Petrophysics 2 4
Engineering East Asset
Subunit: Process Engineering 2 2
1 Not all 80 staff members are included into the CWE. Number varies on requested jobs to execute.
Table 5.1 -  Hierarchy of authority in Jaffina Petrol CWE East Asset
As can be observed at Table 5.1, East Petroleum Engineering has the largest number of 
subunits. The WRM Team Leader coordinates the several disciplines of the CWE. The team 
consists of approximately 30-35 persons17. Formally, the WRM Team Leader reports to the 
Head of Petroleum Engineering. Informally, the WRM Team Leader reports to the Asset 
Manager. Besides the Petroleum Engineering' disciplines, disciplines of Operations and 
Engineering are part of this team.
Centralization
In an attempt to improve the cross-functional collaboration, the CWE was established. A 
related driver to that was the increasing amount of communication between Operators 
Offshore (part of Operations), Petroleum Engineers Onshore (part of Petroleum 
Engineering), and Well Services Onshore (part of Operations), as one respondent observed. 
Despite the improvement in cross-functional collaboration, the communication was still not 
going very well. A respondent puts the consequences of the current organization of cross­
functional communication and hierarchy clearly:
17 The number of persons included in the CWE depends on the focus of the CWE (see §5.1). In 
Jaffina Petrol, the CWE focus in on WRM, therefore the majority of persons included into the 
CWE are representatives of the Petroleum Engineering' discipline.
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"An important consequence of that the communication between different 
teams was not going well was that decisions were pushed up to 
higher hierarchical levels than they should have been. Therefore,
Senior Management was spending a lot of time dealing with detailed, 
operational issues and did not have enough time for long-term decision­
making."
At the Offshore Operations, the Area Operations Superintended (AOS) is in charge. 
Hierarchically, two organizational subunits are reporting to him: (a) Production, and; (b) 
Maintenance. The Production group consists of about 80 persons.
HORIZONTAL COORDINATION MECHANISMS
Direct contact. Every day, a morning call between the three locations (Onshore 
Collaboration Center; Offshore Olika-7, and; Onshore Wattina, see Figure 5.7) takes place. In 
fact, between 5-7 persons per location are virtually collaborating with each other. According 
to the consultancy firm "by virtually connecting the Offshore Operations team and the Well 
Services teams to the head office teams, the aim is to ensure that monitoring production 
performance and deferment will be more closely coordinated with well and reservoir 
surveillance objectives". From the Onshore Headquarters, representatives from the 
Programming Department and from Production Technology are present. From the Offshore 
Olika-7, a representative from Field Operations; and a representative from Onshore Well 
Services are present. Figure 5.7 represents disciplines and locations involved in the morning 
call.
Onshore Collaboration Center Offshore Olika-7
Onshore Wattina
Figure 5.7 -  Disciplines and locations involved in morning call
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Only a selected number of functions are engaged in the morning call. As the consultancy 
firm notes "although not every role/function will be engaged in every meeting, all technical 
professionals, operations personnel, or service experts that are responsible for or can 
contribute to resolving production or well performance issues can participate". The morning 
call is a collaborative event, which takes about 30-45 minutes. First, Health, Safety & 
Environmental (HSE) issues are raised. The logic behind this sequence was clear, according 
to one respondent:
"About HSE issues there are no arguments. Safety always comes first."
After the HSE issues are dealt with, the three locations continue by discussing Maintenance 
issues, followed by Production issues. Afterwards, the plans of that day are being discussed. 
As one of the respondents argued:
"The daily morning call has improved the virtual collaboration."
Outside the structured daily morning call, unstructured direct contact between staff in the 
CWE is more problematic. Initiatives and responsibilities for coordination by direct contact 
depend on individuals. Two respondents illustrated the situation perfectly:
"Nobody is formally responsible for the coordination between one discipline 
and another discipline in the CWE. The reason is that it is an open office; an 
open work environment where one should easily approach another."
"The coordination between several disciplines depends on own initiatives 
from one group to another. There is no clear responsibility for the 
coordination between groups."
Liaison role. We have found no indication of the presence of liaison roles in the CWE East 
Asset. A liaison role is a formal communication link between two groups (Duncan, 1979) and 
can serve as a source of information and expertise (Nadler & Tushman, 1997). As noted, 
nobody is formally responsible for the coordination between disciplines and establishment 
of direct contact depends on own initiatives. Coordination by direct contact (e.g. morning 
call) between the three locations is rather structured. However, direct contact within the 
Onshore Headquarters appears to be rather unstructured.
Task force. In the past, a real full-time Smart Well/Oil Fields Team existed, with 
representatives of several disciplines. We perceive the past Smart Well/Oil Fields Team as a 
'task force'. A task force consists of a temporary group of representatives of groups or 
departments (Daft, 2004; Jones, 2004), which is designed to handle specific clients, 
products, markets or problems (Nadler & Tushman, 1997). The implementation of Smart 
Well/Oil Fields was considered a temporary activity and required representatives of several 
disciplines. Nowadays, however, nobody is responsible for the Smart Wells integration in 
the Jaffina Petrol East Asset. Similar to the direct contact, integration depends on
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(unstructured) initiatives of individuals, whereas no one is formally responsible for the 
progress of the integration. The WRM Team Leader lacks formal authority over staff of the 
Operations and Engineering disciplines (see Figure 5.6) to integrate all disciplines involved. 
During one of the management team meetings, making one person responsible for the 
integration/implementation of Smart Wells was suggested. This person can fulfill an 
integrator role (see for more information section on Integrating role or department).
Team. As mentioned earlier, formally staff works in disciplinary departments. However, 
in practice for several tasks and decisions, they rely on cross-functional collaboration. A 
small proportion of staff also participates in virtual collaboration with geographically 
dispersed members, by using telephone, e-mail and video-conferencing facilities.
During one of the management team meetings, a manager argued that there are no clear 
roles & responsibilities across each team.
Integrating role or department. In the CWE, there is a fulltime WRM Team Leader. This 
WRM Team Leader has in fact two roles: First, to execute the WRM work (technical aspect 
of the job), and second to maintain and improve the communication and collaboration 
within and between the teams in the CWE. The WRM Team Leader can be perceived as an 
integrator role, since he/she fulfills a full-time position, specifically created to improve 
communication and coordination between the disciplines. Currently (in January 2009), the 
person fulfilling the role of the WRM Team Leader puts more emphasis on the WRM work, 
and therefore on the technical aspect of the job. From a CWE integration perspective, it is 
worrisome that the level of attention for integrating several disciplines has reduced. 
Integration is an ongoing process, and not a one-time thing. The WRM Team Leader, in 
terms of an integrating role, is a key person in the CWE. A respondent particularly 
emphasized the essence of this person. "This person is needed as a coordinator. Without it, 
the CWE would not be able to work effectively. Therefore, this coordinator is the key person 
in the CWE."
The WRM Team Leader is functionally reporting to the Head of Petroleum Engineering. 
However, there are dotted lines with the Head of Operations, and to a lesser extent with the 
Head of Engineering.
Besides the integration of the CWE by one full-time person, the CWE has an integrating 
department. The Programming Department was created to enhance communication and 
coordination between Offshore Operations on the one hand, and Onshore Experts on the 
other hand. According to several respondents, the implementation of the Programming 
Departments as an integrator; improved the collaboration between the two locations.
Matrix organization. Most respondents particularly mentioned the presence of a matrix 
organization in the CWE East Asset. Figure 5.6 represents a simplified overview of the CWE 
matrix organization. We discuss a limited number of sources of tensions related to the 
matrix organization, as provided in §3.2.
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Functional versus process organization. Several respondents observed two lines in the 
organization: a functional (or single-disciplinary line), and a process or project line (or multi­
disciplinary line). Disciplinary (or functional) heads are responsible for the technical 
oversight, whereas 'process owners' are responsible for a particular process step or small 
project. According to management, staff does not perceive dual lines of functional/process 
as problematic. However, this seems questionable. Staff reported a great deal of tensions, 
caused by the dual lines. As one respondent noted:
"On a daily basis tensions occur between process owners and functional 
heads."
Another respondent argued:
"There is a continuous struggle between gathering information and 
continuing production. Opinions of technical authority (functional line) often 
interfere with process lines."
According to these respondents, the way of dealing with these tensions is by negotiating. 
Actually, staff should follow the sequence of executing tasks, as specified in the mapped 
process elements. However, nobody knows what they exactly are, as one respondent 
argued. In addition, this respondent noted that a consequence is that things often go wrong 
and conflicts occur, by not following the sequence of executing tasks, according to the 
mapped process elements. Occurrence of conflicts also depends on the type of topics. 
Regarding Health, Safety and Environment, there are no arguments; this always comes first. 
Arguments most often occur regarding data-acquisition and optimization activities [as part 
of 'Execute' cluster in the organizational control loop]. According to most respondents, in 
case of priority, the emphasis is on the functional line. Problems of priority setting on the 
type of topics are in fact 'structure-driven problems'. Dividing the organization into primarily 
functional lines naturally separates the Petroleum Engineering, Engineering, and Operations 
departments. These functional lines influence the effectiveness of cross-functional 
collaboration (as we will elaborate later in §5.1.7).
Identity and identification of employees. The Head of department is perceived as the 
biggest customer, according to one respondent. In order to deal with both functional and 
process (or project) lines, Head of Departments often serve as process owners. That way, 
they can set their priorities themselves, without negotiating with others. As for 
identification and loyalty, one respondent argued that he felt they are scientists who want 
to focus on the technical side of the job; delivering projects are just necessary to survive in 
business, according to this respondent.
Size and complexity of organizations. The absence of clear roles & responsibilities in 
teams is worrisome. As Goold & Campbell (2003) argue; lack of clarity on roles and 
responsibilities is one of the underlying reasons for problems with identity and 
identification. Lack of clear roles & responsibilities makes working in the CWE matrix 
organization more complicated than necessary.
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Access to critical resources. All respondents mentioned the issue of understaffing in their 
departments. However, as one respondent noted, this issue is beyond the CWE East Asset, 
and relates to the whole petroleum industry. In case of understaffing, the emphasis is on 
the functional line, according to one respondent.
5.1.7 Results on task characteristics of work in the collaborative work environment 
Task complexity
In general, most staff reported a high level of workload. According to the respondents, 
understaffing in the CWE primarily causes this workload. Although the issue of understaffing 
has improved, it remains an important factor for the success of the CWE. In this section, we 
distinguish three forms of task complexity: (a) amount of information involved in a task; (b) 
the internal consistency of this information; and (c) the variability and diversity of 
information.
Amount of information involved in a task. Referring to the amount of information 
involved in a task, especially (but not exclusively) the Programming Department reported a 
high volume of information that goes through the team. This volume makes the facilitation 
of the efficient information exchange difficult.
Internal consistency of the information. If we look at the internal consistency of the 
information, there are a lot of problems with the well data. The wells are not being tested 
frequently, which results in a lack of reliable data to work with. A consequence is that it 
becomes more difficult to understand the behavior of the reservoir, as several respondents 
noted. Quality of decision-making will be influenced by the unreliable data. We report two 
main causes for the unreliable data. First, in most departments there is a lack of human 
resources to execute frequent well testing. Second, the offshore facilities are very old. As 
one respondent mentioned "Jaffina Petrol has been poor on maintaining these facilities". 
These poorly maintained facilities provide inaccurate, inconsistent data of the actual well 
and reservoir situation.
Variability and diversity of the information. The Programming Department has to give a 
lot of instructions from Petroleum Engineering (Geology, Reservoir Engineering, Production 
Technology and Petrophysics) to the Offshore Operations staff. All of the Subsurface staff is 
using their own computer program (Excel or Word) and their own type of spreadsheet. If 
one representative of each of the 4 Subsurface Departments would send data to the 
Programming Department, theoretically: 2 types of computer programs x 4 formats: 8 
different ways to send information to the Programming Department.
Task interdependence
In this section, we start by looking at Initiated and received task interdependence, followed 
by categories of task interdependence.
Initiated and received task interdependence. In accordance with Kiggundu (1981), we 
differentiate among initiated and received task interdependence. We add the term of 
'perceived' task interdependence by one party towards the other. We differentiate among 
Cross-functional collaboration (see Figure 5.8) and Virtual collaboration (see Figure 5.9).
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—  Perceived as 'positive/easy' collaboration
. . . .  Perceived as 'neutral' collaboration (both components of positive/easy and 
negative/difficult collaboration)
GEO = Geology; PP = Petrophysics; PE = Process Engineering; RE = Reservoir Engineering;
PT  = Production Technology; PROG = Programming
Figure 5.8 -  Cross-functional collaboration (at Onshore Headquarters)18
During our interviews, we collected data from respondents from six different functions (see 
Figure 5.8). For our discussion, we divide the six functions into three groups, aligned with 
the organization of Jaffina Petrol: (1) Petroleum Engineering (Geology; Reservoir 
Engineering; Production Technology; and Petrophysics); (2) Operations (Programming); and
(3) Engineering (Process Engineering).
Petroleum Engineering and Engineering
As can be observed from Figure 5.8, the functions Geology, Production Technology, 
Petrophysics, and Reservoir Engineering all perceive their mutual collaboration as positive.
18 This figure is based on answers to our interview questions. Respondents were asked to draw 
their task interdependencies and to indicate the nature of collaboration with other functions 
to complete their tasks. An arrow indicates a perception of a respondent of a function 
towards another person of another function. An arrow into one direction implies we only 
collected data from one perspective (of a respondent). For example, Process Engineering (PE) 
perceives the collaboration with Program m ing (PROG) as going well. W e did not collect data 
on the perception of Programming (PROG) towards Process Engineering (PE).
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This observation is not very surprising, since all mentioned functions are part of the 
Petroleum Engineering Department. As one of the respondents argued:
"The collaboration between Geology and Reservoir Engineering is going very 
well, since these departments are focusing on the same part of the 
subsurface."
They share the same goal; gathering as much data about the reservoir and wells. If we look 
at the collaboration between the Petroleum Engineering disciplines and Process 
Engineering, we observe mixed results. From the perspective of Reservoir Engineering, this 
collaboration is perceived as positive. Reservoir Engineering perceived the collaboration 
with other departments (therefore including Process Engineering) as positive. This is caused 
by the willingness of people in providing data towards the Reservoir Engineering 
department. In contrary, Process Engineering perceived the collaboration with Petroleum 
Engineering disciplines as neutral. They argued that they themselves have too little 
understanding for the uncertainty with which the Petroleum Engineering disciplines have to 
deal.
Petroleum Engineering and Operations
From the perspective of Petroleum Engineering disciplines, the perceived collaboration with 
Operations is neutral (both components of positive and difficult collaboration were 
mentioned). At the beginning of the CWE, the communication and collaboration between 
the Programming Department and Petroleum Engineering disciplines was neutral. According 
to one respondent:
"The Programming Department started to answer technical questions from 
Offshore Operations. Instead of forwarding the questions from Offshore to 
the appointed engineer, they went searching for answers themselves."
Jaffina Petrol improved the collaboration by replacing staff in the Programming Department 
and by providing clear instructions concerning roles & responsibilities of the Programming 
Department. Despite the efforts of Jaffina Petrol, and the slight improvements, the 
collaboration relationships are neutral. In turn, Operations also perceived the collaboration 
with Petroleum Engineering disciplines also as neutral. Operations argued that the lack of 
standards for providing data is a serious cause for difficulties in the relationship with 
Petroleum Engineering staff. The relationship between the Programming Department and 
Petroleum Engineering disciplines needs strengthening on this aspect.
Engineering and Operations
According to the Engineering staff (i.e. Process Engineering), the collaboration with 
Operations has improved. The Jaffina Petrol organization added the Programming 
Department as an intermediary between the (Offshore) Operations and (Onshore) 
Engineering (and Petroleum Engineering) departments into the new organizational structure 
of the CWE.
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VIRTUAL COLLABORATION
We continue our discussion with virtual collaboration. Virtual collaboration in the 
Collaborative Work Environment takes place between the (a) Onshore Headquarters, (b) 
Onshore Well Service (Wattina), and (c) Offshore Operations (Olika-7). These three locations 
are in a continuous video-conferencing contact. A Shell observer describes the situation of 
virtual collaboration well: "in HQ [headquarters] the programmers have their seat in front of 
the video wall, having the Field Supervisors on Olika-7 [production location] and the Well 
Supervisor 'virtually' in their room". The virtual collaboration between the three groups has 
improved, according to several respondents. One respondent even argued the following:
"The most beneficial part of CWE POCC [Production Optimization
Collaboration Center] is the link to offshore."
Two interventions were undertaken to improve the virtual collaboration. First, support was 
given to the Field Operations Supervisors (Offshore) to collaborate virtually. Second, some 
of the Production Programmers were moved out of the Operations part (physically, not 
organizationally), into the Collaborative Work Environment area. Both interventions 
contributed to enhanced collaboration between Onshore and Offshore staff.
Staff reported several advantages of the virtual collaboration. Communication between the 
locations has clearly improved, particularly the amount of emails necessary flowing between 
locations has significantly been reduced (about 75% reduction). Another advantage is 
qualitatively improved decision-making, based on more complete information. Mutual 
understanding and appreciation between Onshore and Offshore has improved. Onshore 
staff temporarily works on the Offshore location, to gain more insights into Offshore 
Operations. Eventually, management and staff expected that virtual collaboration would 
replace the Offshore-visits. However, as one respondent noted, virtual collaboration is 
complementary to Offshore visits, not replacing these visits completely. Collocated face-to- 
face interaction remains important for effective collaboration as the respondent noted. 
Another respondent argued since virtual collaboration has been established in the CWE, the 
number of visits to the Offshore location has reduced. By using video-conferencing tools, 
the need for collocated face-to-face interaction and discussion of work related issues has 
reduced. A reduction of the number of Offshore visits required is perceived as one of the 
benefits of the CWE by Onshore staff.
Despite the fact that virtual collaboration has improved, difficulties in virtual collaboration 
continue to exist, mainly because of (a) different ideas of the same concepts, and (b) 
different interest (i.e. priorities, as we will elaborate on in Chapter 6). In order to gain 
insights into which relationships for collaboration are more difficult (characterized as 
neutral, since also positive aspects were mentioned), we present an overview of virtual 
collaboration in the CWE of Jaffina Petrol (see Figure 5.9).
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Onshore Headquarters Offshore Olika - 7
Onshore Wattina
—  Perceived as 'positive/easy' collaboration
■■■■ Perceived as 'neutral' collaboration (both components of positive/easy and negative/difficult 
collaboration)
Figure 5.9 -  Virtual collaboration between three locations in Jaffina Petrol 
Onshore HQ Petroleum Engineering and Offshore Operations
As mentioned earlier, an intervention to improve the collaboration between the Onshore 
HQ Petroleum Engineering and Offshore Operations was putting the Onshore Operations 
(i.e. Programming Department) in between. However, Onshore Operations perceives the 
collaboration with Offshore Operations as neutral. Main reason is having different 
perceptions of the same concepts. Respondents argued that confusion exists about the 
procedures and results of tasks to be executed between the disciplines. A result of that 
confusion is that the same tasks need to be executed again. As for the collaboration 
between Petroleum Engineering and Offshore Operations, one of the respondents argued 
that the Petroleum Engineering disciplines could be more engaged with the Offshore 
Operations, by (for example) more involvement of Production Technologists in the daily 
(virtual) collaboration. According to the respondent this would improve the collaboration, 
by being in the same (virtual) space. However, the Production Technology department is in 
the middle of the other Petroleum Engineering departments, and also daily collaborates 
with Offshore Operations. It seems questionable whether the Production Technology 
department is sufficiently staffed for more engagement in virtual collaboration activities. 
According to another respondent of the Petroleum Engineering Department:
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"The collaboration with Offshore Operations is still not as good as it should 
be. Different interests and ideas on how to execute assignments are making 
the collaboration between the departments difficult. Having a better 
understanding of each other's limitations can make improvements for 
collaboration."
Different interests refer to different goal interdependencies, which we will discuss in 
Chapter 6. Different ideas on how to execute assignments can have other causes. Two 
factors are influencing having different ideas. First, Onshore staff and Offshore staff have a 
different level of competencies (onshore is generally highly educated, whereas offshore 
staff is less highly educated). Onshore staff requests Offshore staff to, for example, execute 
a well test to gather specific data. Onshore staff assumes the request is clear and Offshore 
knows exactly how to perform this well test. However, Offshore staff has difficulties on 
gathering the requested data, and needs more specific instructions. Second, several 
respondents argued that difficulties with functional silos result in different ideas on 
executing assignments. These respondents claim these are caused by two different cultural 
influences: (a) National culture (strong ethnical Jaffinian culture), and; (b) Engineering 
culture.
Onshore HQ Operations and Offshore Operations
The Area Operations Superintendent (AOS) is responsible for the Production and 
Maintenance Team. There is a daily collaboration between the Programmers (Onshore) and 
the Offshore Operations. The virtual collaboration between Onshore HQ Operations and 
Offshore Operations is improving. In order to reduce complexity of the Offshore Operations 
(and therefore improve collaboration with Onshore HQ), Jaffina Petrol divided Offshore 
Operations into two groups: (a) Maintenance, and; (b) Production (including optimization). 
Using video screens and the daily morning call has certainly improved virtual collaboration 
between these two groups, according to one respondent. However, difficulties in 
understanding assignments continue to exist. Different ideas on how to execute 
assignments are causing some difficulties. Differences in levels of competencies are 
mentioned as underlying source.
Another issue is that the Maintenance group of Offshore Operations is missing in the virtual 
collaboration, as one respondent noted. Jaffina Petrol built a screen in the Onshore location, 
but there is no similar screen Offshore. Maintenance is an important part in Jaffina Petr ol's 
East Asset, however (as mentioned earlier) it is not part of this type of CWE.
Onshore HQ Operations and Onshore Well Services
The collaboration between Onshore HQ Operations and Onshore Well Services is going 
pretty well, as one respondent argued. The possibility of discussing problems and making 
decisions by using video-conferencing really improved the quality and speed of decision­
making. Also the possibility of having a 'three-way' dialogue (between Onshore HQ 
Petroleum Engineering & Operations, Onshore Well Services and Offshore Operations) has 
positively influenced collaboration between these three groups in the CWE.
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5.1.8 Results on competencies in the collaborative work environment
Required competencies for cross-functional teams
Taskwork. The implementation and operation of Smart Wells are considered as labor 
intensive. In addition to that, a lot of Offshore/Onshore operators are needed. However, as 
management reported, there is a lack of operators available. Currently, there are very few 
operators for Smart Wells operations as one of the managers argued. This issue will be not 
resolved easily, since there were (in February 2009) 60 vacancies in Operations. The number 
of vacancies and required time of training is problematic, as one manager argued. There is 
also a lack of people with technical knowledge/skills of Smart Wells in Jaffina Petrol. 
Services and maintenance of Smart Wells is difficult, due to lack of both the number of 
operators and technical skills present. As one of the managers noted:
"Due to the amount of Smart Wells present and those planned for the future, 
lack of dedicated operators will hamper the value of Smart Wells."
In 2007, a Shell observer argued that "the strategy is to further develop the existing smart 
[oil] fields training, and work with the global Smart [Oil] Fields Team to prepare and develop 
a comprehensive integrated training package in 2008". According to management, 
maintenance and operations training is not completely enrolled. However, training has been 
received by staff, focused on both professional aspects (taskwork), and communication 
(teamwork). Despite training, large differences between required and present 
competencies. Respondents particularly emphasized a large gap in the level of technical 
competencies between Onshore HQ and Offshore Operations. Technical competencies 
within the Onshore HQ are considered of a high level, whereas at Offshore Operations they 
are seen as insufficient. According to one respondent, the insufficient level of technical 
competencies expressed itself in reluctance to take initiative. One respondent argued 
training is not the answer to this reluctance. Rather, changes should be introduced in job 
descriptions and incentives.
For Offshore personnel who have received training, new Smart Oil Fields tasks are not yet 
formally included into their job description. Therefore, performing these Smart Oil Fields' 
tasks is not appraised and rewarded.
Teamwork. Training programs were made available (containing all the Smart Oil Fields 
elements, like technical, processes, change management, etc.), to ensure that the required 
competencies would be available in Jaffina Petrol. However, according to one of the 
respondents there are no specific trainings (on the behavioral part) for the Collaborative 
Work Environment given. Different perceptions exist whether teamwork competencies have 
improved by working in the CWE. As one respondent argued:
"No new particular technical or teamwork competencies have been achieved 
by working in the CWE."
Another respondent argued:
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"Competencies related to teamwork have definitely improved. The CWE 
provides the opportunity to interact with a lot of different disciplines."
Required competencies for virtual teams
Telecooperation. As for required competencies for virtual collaboration, there is a lack of 
knowledge on how to use the IT-tools for virtual collaboration, as one respondent observed. 
This respondent provided following illustrative example:
"An example is the Smart Board. The board has been broken for quite some 
time; nobody feels the need for chasing it to fix it, since people don't know 
what the potential value is."
5.1.9 Reflection on relationships between variables of research
The organizational structure of Jaffina Petrol's East Asset shows both elements of process- 
based group (in terms of the Asset Manager) and functional grouping (in terms of the 
Operations, Engineering and Petroleum Engineering departments). The organizational 
design of the CWE is characterized as a 'functional-based matrix organization', with the 
WRM Team Leader fulfilling the integrator role between the functional departments. Since 
this WRM Team Leader lacks formal authority over staff of the Operations and Engineering 
departments, cross-functional collaboration between these departments is characterized as 
'neutral' (see Figure 5.8).
The large gap in the level of technical competencies between Onshore HQ and Offshore 
Operations complicates the collaboration between the geographically dispersed locations. 
Different perceptions exist whether teamwork competencies have improved by working in 
the CWE.
5.2 Case B -  PetroHaya
This location was visited in May 2009. The duration of the stay at the location was eight 
days.
5.2.1 Introduction to PetroHaya
PetroHaya is the largest exploration and production company in the Sultanate. PetroHaya is 
for 60% owned by the Government of Haya; the remaining owners are Shell (34%), Total 
(4%) and the Partex Corporation (2%). PetroHaya has 120 oil fields and 2700 producing 
wells. According to PetroHaya "it accounts for more than 90% of the country's crude-oil and 
nearly all of its natural-gas supply". PetroHaya formulates her objective as follows:
"The objective of PetroHaya is to engage efficiently, responsibly and safely in 
the exploration, production, development, storage and transportation of 
hydrocarbons in Haya."
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PetroHaya has divided her geographical area into two main directorates: North Haya and 
South Haya. Both directorates contain several production assets (also referred to as 
'clusters'). North Haya includes: Eskina, Nasser, Askaba and Pyas, whereas South Haya 
includes: Fatya, Haddaba and Traouad. Besides these two main (geographical) directorates, 
PetroHaya has a third directorate (related to production): Gas. This research only focuses on 
the Eskina cluster of the directorate North Haya.
Eskina cluster
The Eskina cluster operates two of the largest PetroHaya fields: Eskina field and Hamma 
field and accounts for approximately 10% of PetroHaya's total crude oil production. Shell 
argues that the Eskina cluster "is a complex operation, where currently two recovery 
mechanisms are managed in parallel: Gas Oil Gravity Drainage (GOGD) and waterflooding". 
Besides these two recovery mechanisms, the Eskina cluster initiated a steam project, which 
became operational in 2009.
The Eskina cluster (including both the Eskina field and Hamma field) has to operate within 
an increasingly complex environment. Declining reserves and decreasing production levels 
in the Middle East, resulted in the entrance of smaller and lower cost producers, specialized 
in gaining maximum value out of declining assets. As a response to the increased 
competitive pressure, PetroHaya increased their investment in technology, aiming for 
streamlining their production process for better efficiency gains.
5.2.2 Implementation of smart oil fields in Hamma
To cope with a maturing hydrocarbon portfolio, Well & Reservoir Management (WRM) 
became the focus of Smart Oil Fields implementation in Hamma/Eskina. PetroHaya 
describes WRM as encompassing "various activities aimed at optimizing production from 
existing oil and gas fields in such a way that short-term output is maximized without 
jeopardizing longer-term output". Investment in new technology can greatly support 
optimizing production from existing oil and gas fields. PetroHaya's investment in new 
technology (to cope with a maturing hydrocarbon portfolio and operating in an EOR 
environment) resulted in highly sophisticated equipment being installed in its oil fields, to 
make them 'smarter'. PetroHaya argues that by installing Smart Oil Fields equipment 
"...wells can now regulate and monitor themselves, continually transmitting data about their 
performance by radio". Throughout 2008, installation of this equipment (as part of 
PetroHaya's Smart Oil Fields program) took place. By executing the Smart Oil Fields program 
in their oil fields, PetroHaya is able to "fortify monitoring and control of wells and facilities, 
speed up interpretation and analysis, strengthen subsurface and surface surveillance and 
optimization decisions for its fields". The Hamma field has served as the Smart Oil Fields 
technology demonstrator for all of PetroHaya. Besides installation of new technologies, 
PetroHaya explores new ways of working which are considered to be an important part of 
Well and Reservoir Management capability. Collaborative Work Environments are identified 
as the best enabler for supporting new ways of working for the Eskina cluster.
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5.2.3 Implementation of the collaborative work environment in Eskina
Many upstream oil and gas organizations CWEs bridge the structural gaps between 
functions, disciplines, work locations and sources of data. The ECC (Eskina Collaboration 
Center) CWE aims at improving WRM by bringing "together petroleum and well engineers, 
geologists and operations staff from both the interior [field production location] and at the 
coast [office location] in a computerized forum where the data can be analyzed by all team 
members simultaneously". The interior and the coast are able to closer collaborate through 
video-conferencing and data-sharing systems. Respondents argue this virtual collaboration 
(with geographically dispersed locations and technology-mediated communication) is 
perceived as one of the greatest benefits of the ECC CWE. Cross-functional collaboration in 
the CWE needs to result in better collaboration between: (a) Operations and Interior/Coast;
(b) WRM and Interior/Coast, and; (c) Well Services and Interior/Coast. Work processes and 
the key functions and roles performed are connected from three different nodes (as shown 
in Table 5.2):
Geographical location Building Discipline
Interior (Eskina cluster) Eskina Main Office Field Operations
Coast Red Building Surveillance
Optimization
Metering
Coast Blue Wing Well Services
Table 5.2 -  Nodes differentiated into geographical location, building, and discipline 
5.2.4 Field management issues in Eskina
In this section we discuss two Field management issues in Eskina. First, the Production 
measurement issues, and, second the Lack of human capability.
Production measurement issues
The Eskina field contains about 400 wells and a few thousand meters. Several respondents 
emphasized metering issues in the Eskina field as impeding their daily work activities. 
Meters in the field are not working properly as several respondents observed. A result of 
meters not working properly is that difficulties occur to accurately measure what is 
happening inside the wells & reservoirs. Problems exist with measuring the amount of water 
injection, and the amount of oil/gas/water production. As one of the respondents argued:
"There are no accurate measures, so it is difficult to maintain a right balance 
between injection and production, without damaging the reservoir."
On the oil side, there were some improvements, but that is only on the test separator side, 
according to one respondent. It means that a well's production can be relatively accurately 
measured; however wells are only being tested once every two months, as this respondent 
explained. Another respondent argued that it is practically impossible to test each well daily.
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However, maintaining well-tests frequently is an important issue, according to this 
respondent. One of the respondents argued:
"The problem is that it is known what the entire Eskina cluster is producing,
and then there is a need to allocate back to the two main fields."
This respondent noted that the allocation is at least plus or minus 5% and to work it back to 
each of the five production stations is currently (May 2009) happening. That is happening at 
the well levels, based on tests of two or three months old. The gas and waterside are less 
accurate than the oil side, as one respondent noted. According to this respondent, there are 
meters in the individual injectors, but the vast majority of them are not working. Therefore, 
it is unknown how much there is injected into each of the wells, as this respondent 
summarized. An important consequence of inaccurate measures is the possibility of making 
the wrong investment decisions, as one respondent explained. For example, extra facilities 
can be built to produce more oil; however, this facility turns out to be redundant. 
Eventually, less oil is in place than indicated by meters in the field. Another field, which was 
assumed to have less oil in place, suddenly needed to be developed. Wrong investment 
decisions come along with high costs. Another respondent emphasized that not only are the 
meters providing non-accurate measures, different measures are shown at the meters in 
the field, and on the screens in the offices.
Figure 5.10 provides a simplified picture of the production measurement issues.
Non-accurate measures result in difficulties in maintaining the right balance between (a) 
injection and (c) production, without damaging (b) the reservoir, as mentioned earlier. The 
iterative loop of (d) monitoring, modeling, analysis and decision-making relies on accurate 
measures, however accurate measures are not available. An important consequence is the 
(e) possibility of costly investment mistakes.
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(b) Reservoir behav 
impact of injection on
ior is uncertain, since 
the reservoir is unclear
(a) Meter is not working properly, 
therefore unknown how much exactly 
injecting
(c) Meter is not working properly, 
therefore unknown how much exactly 
producing
Meter Meter
(d) Problems with monitoring, modeling, analysis
Figure 5.10 -  Simplified representation of production measurement issues 
Lack of human capability
The second Field management issue is the Lack of human capability. Two aspects of this 
issue can be distinguished: the Hayanisation of the workforce, and the Retention of young 
professionals.
Hayanisation of the workforce. Throughout most of 2008, the labor market for skilled 
resources in the petroleum industry remained very competitive. However, PetroHaya 
doesn't seem to have any problems. "Despite the difficult market conditions, 2,500 
applications were processed, 403 offers were made and 352 mature candidates were 
secured". The Government of Haya increasingly wants to nationalize PetroHaya's workforce, 
which is referred to as 'Hayanisation of the workforce'. The number of Hayani staff 
continued to grow in 2008, reaching a total number of 4,187 by the end of 2008. In 2007, 
the number of Hayani staff was 4,086 (increase of 101 staff members). Table 5.3 represents 
the trend of Hayanisation over the period of 2003-2008. Compared to the increase of 
Hayani staff, the number of expatriates increased by four members in 2008, reaching a total 
number of 1,256.
PetroHaya wants to increase the number of Hayani's in its workforce and reduce the 
number of expats (as influenced by the Government of Haya). As such, this trend is a great 
development for Hayani staff. However, not all the expertise required will be present in 
Haya. A too narrow focus on having Hayani staff working in PetroHaya as distinct from 
expats can result in not always having the most qualified person in place for a particular job.
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Specialized new jobs (for PetroHaya) cannot always be fulfilled by Hayani staff and might 
need the expertise of expats. Restrictions on the number of expats could result in personnel 
not qualitatively complying with the job requirements.
2003 2004 2005 2006 2007 
Table 5.3 -  Hayanisation (number of Hayani staff)
Retention of young professionals. As previously mentioned, despite a very competitive 
labor market for skilled resources, PetroHaya doesn't seem to have problems attracting 
young professionals (i.e. recruitment). However, PetroHaya does seem to have problems 
with retaining these young professionals. Shell observers argue as follows: "PetroHaya 
struggles with retaining young professionals after they have worked at PetroHaya for four to 
five years. Reservoir engineers, process engineers, and instrument technicians/engineers 
are in particularly short supply". An important consequence of this struggle is the 
understaffing of Dedicated Instrument Technicians. They are responsible for the 
maintenance of meters (to make sure meters are providing Programmers and Petroleum 
Engineering staff with accurate measures). Due to understaffing, priorities are set differently 
for Dedicated Instrument Technicians; instead of maintenance in metering, they are obliged 
to resolve unscheduled deferments, such as broken down pumps and compressors. We 
elaborate on this issue in §5.2.6 Results on organizational structure of the operating unit. 
Another related factor of understaffing is the rapid job rotation of skilled Dedicated 
Instrument Technicians. Skilled staff is rapidly promoted to other organizational parts, 
without having an adequate successor, as respondents observed. A result is a continuously 
new workforce for Dedicated Instrument Technicians, which needs to be trained every time.
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5.2.5 Organizational control loop
Organizational control loop
In 2008, a consultancy firm mapped the Well & Reservoir Management process elements for 
PetroHaya. They identified the following process elements:
(1) Monitor the Production System;
(2) Conduct Model Based Analysis;
(3) Generate Optimization Opportunities;
(4) Align, Plan and Schedule Well Work Activities;
(5) Gather Data;
(6) Execute Surveillance Optimization Activities;
(7) Support Production Measurement.
Figure 5.11 provides a representation of above-mentioned process elements in a process 
model.
In the timeframe of 2008-2009, WRM process elements were mapped, were put on the 
walls in the offices, and training was provided. During interviews, most respondents were 
asked to point out the WRM process elements they are active in, in sequence ranging from 
most to least involvement. Only respondents directly working in the CWE were asked this 
question (as distinct from outside consultants and higher level managers outside the CWE). 
All respondents could simply point out in which of the WRM process elements they were 
active in and the sequence of most to least involvement. The large effort undertaken to 
make staff in the CWE aware of the (standardized) process elements seems to have worked 
out well. Each of the seven WRM process elements has a 'Process owner' (also referred to 
as 'Process Champion'). This Process owner is the focal point for any questions related to his 
specific process elements. Staff is selected for being a Process owner based on their 
experience and their interest in doing that task, according to one respondent.
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Figure 5.11 -  Representation of PetroHaya ECC process model
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Figure 5.12 shows an organizational control loop (based on Ten Have, 2008), consisting 
of natural clusters of detect, evaluate and adjust, norm setting, judge, intervention 
planning, execute and information relationships between them. We relate the 
organizational control loop of Ten Have (2008) to the Well and Reservoir Management 
process elements of PetroHaya.
5.0 Gather 
Data
6.0 Execute 
Surveillance 
Optimization 
Activities
Operate & Maintain 
Facilities 1.0 Monitor 
the 
Production 
System
Intervention
planning Detect
*
4.0 Align, Plan 
and Schedule 
Well Work 
Activities
A, ProductionOptimization
Judge
7.0 Support 
Production 
Measureme
3.0 Generate 
Optimization 
Opportunities
Well & Reservoir 
Management
Evaluate and 
Adjust
Norm Setting •*- 2.0 Conduct Model 
Based Analysis
Figure 5.12 -  Organizational control loop and PetroHaya ECC WRM process elements
In the previous section, we mentioned the existence of production measurement issues. 
These measurement issues complicate executing process elements; since no accurate 
data is provided, decision-making is difficult. The process element '2.0 Conduct Model 
Based Analysis' is required for realizing 'closed-loop well & reservoir management' (see 
§2.3.2) tasks in the WRM control loop. Let us have a closer look at a few individual 
process elements required to execute the WRM control loop:
Monitoring the Production System is not the most difficult process element to 
execute, but it is the one where staff has to deal with the most uncertainties, as one 
respondent observed. There are clear monitoring criteria on what to monitor at which 
particular time. Uncertainties refer to the lack of exact numbers on the amount of 
injection (input), reservoir behavior (transformation), and production (output) (see 
§5.2.4 & Figure 5.10).
Execute Surveillance Optimization Activities. The most difficult process element is 
'Execute Surveillance Optimization Activities'. For executing an opportunity, staff
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depends on many different people to support this, according to one respondent. As this 
respondent illustrated:
"Before you execute, you need third parties and so, you need specialist 
input. You need your work to go through three or four internal 
departments, and it is becoming difficult."
We elaborate more on this issue in §5.2.6.
Support Production Measurement. PetroHaya is fully aware of problems with 
production measurement. In an attempt to cope with this issue, PetroHaya dedicated a 
special WRM process element to this, called 'Support Production Measurement'. As the 
consultancy firm describes: "The Eskina Cluster has outlined a production 
measurement/metering policy with the objective to reduce large uncertainties in 
Eskina/Hamma oil, gas and water production allocation and gas and water balance, 
which lead to improvements in reservoir management through better understanding of 
distribution of production... impact on reservoir pressure". One respondent highlighted 
the importance of production measurement by stating that it is the underlying 
foundation of all the optimization activities. In addition, this respondent illustrated the 
difficulty with production measurement as follows:
"Unfortunately, without it, we are always very blind. In Eskina, just like in 
other places in PetroHaya, we are relatively blind on things, in terms of a 
production measurement point of view."
Although Support Production Measurement has received special attention, a lot of 
difficulties with executing this process element continue to exist. We elaborate on this 
issue in §5.2.7.
5.2.6 Results on organizational structure of the operating unit
In this section, we distinguish between the organizational structures of the Operating 
unit of PetroHaya, and the Collaborative Work Environment.
OPERATING UNIT
The Directorate of North Haya is divided into several different disciplines: Petroleum 
Engineering; Operations, and; Engineering. Each of these disciplines contains four 
clusters: Nasser, Askaba, Pyas, and Eskina. In turn, within each of these clusters, there 
are three groups: Development Planning, Well & Reservoir Management, and New Oil 
Delivery. Development Planning plans new developments (Value creation), Well & 
Reservoir Management operates the current developments (Value realization), and New 
Oil Delivery drills new oil wells. These three groups are based on three sub processes of 
Petroleum Engineering present in PetroHaya. Figure 5.14 provides a simplified
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representation of the organizational structure of the Directorate of North Haya for 
Petroleum Engineering.
PetroHaya is functionally organized, as several respondents observed. According to 
several respondents the alternative is to put all disciplines under one cluster, resulting in 
an Asset-based organization. In PetroHaya it goes back and forth according to one 
respondent.
Figure 5.13 represents positive points and negative points/drawbacks of both the 
Functional-based and Asset-based organization, as provided by respondents.
Positive points Negative points/drawbacks
Functional -  based 
organization
• Knowledge sharing between 
Engineers with the same 
functional background is easy;
• Better functional quality of 
Engineers;
• Senior Engineers can provide great 
support to Junior Engineers.
• Too much focus on priorities of 
own discipline, instead of 
priorities of the Asset;
• Difficult to align different 
priorities;
• Bureaucracy.
Asset -  based 
organization
• Asset focus and ownership. • Difficult to share knowledge 
between Engineers with the 
same functional background;
• Difficult for Senior Engineers to 
provide support to Junior 
Engineers.
Figure 5.13 -  Positive points and negative points of the functional-based and asset-based 
organization according to respondents
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Figure 5.14 -  Simplified representation of organizational structure of the Directorate of North Haya for petroleum engineering
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Let us have a closer look at the positive and negative points of the functional-based 
organization of PetroHaya.
Positive points
Knowledge sharing. In case all the Petroleum Engineers are grouped together, they 
can easily share knowledge with each other, according to one respondent.
Functional quality of Engineers. Another respondent argued that PetroHaya felt that 
the best structure is to be functionally organized. According to PetroHaya, functional 
quality is more important over the business, as a respondent stated.
Support of Senior Engineers to Junior Engineers. When PetroHaya has an Asset-based 
organization, problems occur when several inexperienced Engineers are grouped 
together, as one respondent mentioned. They don't have the support of Senior 
Engineers, since they are dispersed across different Assets, as one respondent 
explained.
Negative points
In this part we look at the different priorities, difficulties with aligning these priorities 
and bureaucracy, as negative points (i.e. drawbacks) of the Functional-based 
organization, as provided by our respondents. This is at the level of executing Well & 
Reservoir Management processes in the Eskina Cluster of North Haya.
Different priorities. Before discussing the differing priorities, let us first provide an 
overview of the generic priorities of three related disciplines in the WRM process: 
Petroleum Engineering, Surveillance Engineering for Steam projects (is in fact part of 
Eskina Well & Reservoir Management, however, has a different priority, therefore 
mentioned separately) and Operations. We relate these priorities to the level of oil 
production at the short term. Figure 5.15 provides an overview of differing priorities of 
disciplines involved in the WRM control loop.
Need for short­
term
Oil
production
level
Increase
Stabilize
Decrease
Need for long­
term
Operations
Surveillance Engineer 
for steam injection
Other Petroleum 
Engineers
Figure 5.15 -  Overview of differing priorities of disciplines involved in the WRM control loop 
control loop
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The priority of Operations is rather short-termed. Their main priority lies at the 
Production Optimization control loop, with a timescale of 1 day -  3 months (see §3.1 for 
explanation of different control loops in the upstream petroleum industry). Key 
Performance Indicators (KPI's) of Operations are set to at least produce as many barrels 
of oil as targeted. Any need for stopping production is perceived as not achieving their 
KPI's. Their main priority is the need at the short-term to increase the oil production 
level.
Steam injections are becoming increasingly important in the Eskina cluster, since they 
can deliver one of the highest recovery factors. There are dedicated Surveillance 
Engineers for steam injection in Eskina. They search for causal relationships between 
affects of injecting steam into the reservoir on the level of oil production. In order to 
discover which effects steam injection has on the oil production in the long term (with a 
timescale of 3 months -  2 years), the level of oil production at the short term needs to 
be stable. Otherwise, causal relationships with steam-injections into the reservoir are 
unclear as one respondent explained. Therefore, their main priority is the need at the 
short term to stabilize the oil production level.
Petroleum Engineers' main priority is gathering accurate data to optimize the field, and 
therefore at the longer-term increasing the level of oil production. However, in order to 
gather accurate data, production needs to be stopped for a short time. A decrease of 
the oil production level at the short-term is a consequence of data gathering. The main 
priority of Petroleum Engineers therefore leads to a short term decrease of the oil 
production level.
In particular, Operations and Petroleum Engineering have differing, conflicting priorities. 
We provide one example to illustrate this situation.
An example of differing, conflicting priorities between Operations and Petroleum 
Engineering is metering in the field. Operations are concerned with unscheduled 
deferments; if equipment breaks down it affects all production, however meters don't 
necessarily affect all production, as one respondent explained. In addition, this 
respondent argued that Petroleum Engineering doesn't know how much oil is coming 
out and how much water is getting in.
Alignment of different priorities. According to one respondent business integration is 
difficult in the Directorate of North Haya. This respondent argued:
"Business integration takes place at the Directors of the Assets, which is 
quite far to the top. Integration at this level becomes sometimes difficult.
Each of the departments has its own KPI's and targets."
Installing the Eskina Collaboration Center (CWE) was mentioned as an attempt to deal 
with this struggle.
Bureaucracy. One respondent argued that there is a lot of bureaucracy in the 
Directorate of North Haya. This respondent illustrated the situation of bureaucracy in 
the work situation as follows:
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"When you are dealing with a large number of wells, you need to do a 
lot of administrative work, like filling in forms, sending these forms to 
somebody, meeting with people to explain what is in the forms 
(sometimes they don't understand or read the forms), then checking 
what they have sent back."
COLLABORATIVE WORK ENVIRONMENT
An important and new matter is the alignment of the current overall (PetroHaya) 
organizational structure with the CWE organizational structure, as one respondent 
argued. According to this respondent, the current way of working within the CWE is 
based on an organizational structure without a CWE. A CWE is being implemented into 
the existing structure, without any adjustments made to the existing structure. 
However, by implementing a CWE, more communication takes place, which requires 
adjustments to the existing organizational structure.
DIFFERENTIATION
In the ECC Collaborative Work Environment, there are functional lines related to the 
disciplines and process lines, resulting in a matrix organization, as one respondent 
observed. A simplified representation of the CWE as a matrix organization can be found 
on the next page.
In the CWE, employees from varies disciplines are collocated and need to collaborate 
intensively with one another. However, the functional-based organization does not 
seem to support this type of working. As one respondent noted:
"The CWE structure is different from the overall PetroHaya structure.
The CWE cuts across disciplinary boundaries, which conflicts with the 
functional structure of PetroHaya."
According to another respondent, issues of the misalignment between the PetroHaya 
structure and CWE structure are starting to surface. Respondents mentioned differing 
symptoms: reporting issues, having conflicting priorities, and issues with performance 
evaluations. One of the respondents concluded that the:
"CWE is a matrix organization in a non-matrix environment 
(functionally organized environment). That is surfacing some 
symptoms now."
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Figure 5.16 - CWE organizational structure represented as a matrix organization
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VERTICAL COORDINATION MECHANISMS
In addition this section we look at the hierarchy of the three organizational units: 
Petroleum Engineering; Operations; and Engineering. According to Nadler & Tushman 
(1997) hierarchy of authority directly follows from grouping decisions. In accordance 
with several authors (cf. Harris & Raviv, 2002), we focus on the number of hierarchical 
levels and the span of control. Table 5.4 provides an overview of the hierarchy of 
authority of the CWE of Eskina.
Unit Number of hierarchical Unit size
levels
Eskina Operations
Subunit: Field Operations 1 -
Subunit: Programming 1 4
Eskina Petroleum Engineering
Subunit: WRM Team Lead 1 1
Subunit: Reservoir Engineering 1 1
Subunit: Surveillance Engineering 
(for steam injection)
1 1
Subunit: Production Technology 2 4
Subunit: Petrophysics 1 1
Eskina Engineering
Subunit: Process Engineering 1 -
North Haya Production Measurement (dedicated to CWE)
Subunit: Production 
Measurement for CWE
1 2
- missing data
Table 5.4 - Hierarchy of authority in PetroHaya CWE Eskina
In PetroHaya, there were a lot of discussions whether or not heads of departments 
should be included in the CWE, as one respondent explained. The decision was that 
there were no heads of departments included in the CWE. Reason is that people would 
need to double report and this would be a problem, as this respondent described. It still 
hasn't been resolved, in terms of whom to report to.
As a consequence, there is no single head that is managing the CWE, with formal 
authority, according to several respondents. There is a formal WRM Team Leader, who 
also (informally) coordinates the CWE. However, this WRM Team Leader has no formal 
authority over staff of several disciplines involved in the CWE; except for Petroleum 
Engineering related staff (see Figure 5.16).
Higher level management (outside the CWE) supports working in the CWE, as several 
respondents reported. This higher management believes CWEs are the way forward. 
Higher-level management of PetroHaya plans to implement another 10 CWEs in the 
future. Several respondents raised the question what would the organizational structure 
look like, if PetroHaya has 10 Collaborative Work Environments? Structural implications
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for 10 CWEs into the existing organizational structures have remained unclear so far, as 
one respondent argued. As mentioned earlier, the implementation of the CWE hasn't 
changed any of the reporting structures. There was a big discussion about whether or 
not the reporting lines should be changed, according to one respondent. One of the 
higher-level management respondents saw no problem in maintaining the functional 
organization, in case of having 10 CWEs. This respondent argued:
"The intention was to integrate people across organizational boundaries 
to collaborate in common processes, to improve the communication and 
to speed up decision-making; without changing the actual authority 
levels and management responsibilities. You can still maintain the 
functional organization if there are 10 CWEs."
As a consequence of maintaining the functional organization, higher management so far 
resists providing authority to the WRM Team Leader/informal CWE Manager, according 
to one respondent. This respondent explained a probable reason behind that as follows:
"Perception is that if you have somebody that is not in the functional line 
starting to have control over staff, than the functional line starts to lose 
control over staff."
Since nothing in the organizational structure has changed, nothing has changed for the 
teams, as one respondent illustrated. People in the CWE have their priorities, based on 
their KPI and their reporting line. However, several respondents believed the CWE of 
Eskina serves as a pilot and an example for whole PetroHaya. In case PetroHaya wants 
to implement CWEs all over PetroHaya, now is the time to change the organizational 
structure, as several respondents argued. Eventually, future CWEs will face similar 
issues; therefore it is better to deal with them right now, as one respondent 
summarized.
HORIZONTAL COORDINATION MECHANISMS
Direct contact. A biweekly meeting exists between Petroleum Engineering and 
Coastal Programming at the Red Building on the one hand, with Field Programming and 
Field Operations at the Eskina Main Office on the other hand. The WRM Team Leader 
(located at the Red Building) leads the discussion between the two locations. Every 
participant has a list with issues, which are discussed. During one of these biweekly 
meetings, at which we were present, we observed that the WRM Team Leader consults 
all members, makes a decision and reports back to the field location. In the past, these 
meetings lasted for about two hours. However, after staff received training in effectively 
discussing issues during these meetings, these meetings last about 30 minutes. One 
respondent referred to these meeting as follows:
"The normal CWE-meeting is good, since we are avoiding any 
unnecessary meetings."
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Task force. In order to support knowledge sharing between various disciplines across 
different directorates, PetroHaya established 'technical focus groups'. In these technical 
focus groups, staff discusses specific issues on which several members in the 
organization are working. Examples of technical focus groups are on Well Engineering 
and Waterflooding. These groups meet on a monthly basis.
Team. The CWE team includes staff of different disciplines: Petroleum Engineering, 
(Process) Engineering, Operations, and, Production Measurement. In the Eskina Cluster, 
the WRM Team (i.e. Petroleum Engineers) is firstly divided into two field teams: one for 
Eskina and one for Hamma. Secondly, per way of production. There are two ways of 
production: GOGD and waterflooding. For the GOGD for Eskina, there is one Production 
Technologist and one Reservoir Engineer (also sometimes combined in PetroHaya in the 
function of 'Surveillance Engineer'). For waterflooding, there are three Production 
Technologists.
Integrating role or department. The WRM Team Leader supervises the Petroleum 
Engineers directly and officially, as one respondent explained. According to this 
respondent:
"Besides, the WRM Team Leader serves as an integrator for the three
main teams in the ECC [CWE]: WRM, Operations, and Well Services."
Earlier, we mentioned the fact that the WRM Team Leader has no formal authority over 
staff, except over the Petroleum Engineers. The WRM Team Leader reports to the Eskina 
Cluster Leader Petroleum Engineering. In general, the WRM Team Leader is perceived as 
a very competent person and one of the key figures in the ECC, according to several 
respondents. This construction (of not having formal authority, but rather an integrating 
role) highlights the importance of having natural leaders in place in the CWE. Several 
respondents of Operations seem to be content with the current reporting lines; they are 
negative about the possibility that a WRM Team Leader could have formal authority 
over them. One of respondents argued:
"If I needed to report to the WRM Team Leader, I could not do my work.
That would be the last thing that I would like to see happening;
Operations and WRM need to be separated."
Besides the integration of the CWE by one full-time person, the CWE has an integrating 
department. The Programming Department was created to enhance communication 
and coordination between the Red Building (Coast location) and the Eskina Main Office 
(Interior = Field location). Several respondents argued having the Programming 
Department in the CWE is one the greatest benefits, since this is the direct link to the 
field (location). Another example of the Programming Department serving as an 
integrating department is that they form the communication link between the 
Production Measurement Team and Petroleum Engineering.
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Matrix organization. Several respondents observed a matrix type of organization in 
PetroHaya's CWE, as opposed to the functional organization of PetroHaya. Figure 5.17 
represents the CWE organizational structure as a matrix organization. As mentioned 
earlier, the CWE is a matrix organization in a non-matrix environment. We discuss a 
limited number of sources of tensions (cf. Arvidsson, 2009).
Functional versus process organization. Staff working in the CWE, report to both their 
functional head and the WRM Team Leader (on the process line), as one respondent 
explained. This respondent mentioned that an ongoing issue is that the WRM Team 
Leader needs to be given the authority as the CWE Manager to have people executing 
tasks, based on what he needs them to do.
Identity and identification of employees. The head of the department (in the 
Directorates) has the highest level of authority, as one respondent observed. The 
emphasis in this matrix organization seems to be on the functional line, as distinct from 
the process line. This emphasis is the result of the decision of leaving the overall 
PetroHaya functional structure unchanged (at the Operating Unit level).
Size and complexity of organizations. Several respondents mentioned the struggles of 
integrating different disciplines in the CWE properly. One of the respondents illustrated 
this situation as follows:
"If you will put them [different disciplines in the CWE] under the WRM, it 
will defeat its purpose. If you keep them, it will almost be impossible for 
them to double report. You cannot report to two bosses, because 
definitely there will be a clash in what each one wants. And on the other 
hand, if you are having a boss that is sitting outside here, he is not 
necessarily to understand what is going on here."
Access to critical resources. In this respect, we highlight the urge of limited staff 
working on the maintenance of meters. As one of the respondents illustrated it well: 
"without meters we are blind." In §5.2.4, we argued an important consequence of 
difficulties with retention of young professionals is the understaffing of Dedicated 
Instrument Technicians. Due to understaffing, priorities are set differently for these 
Dedicated Instrument Technicians; instead of maintenance on metering, they are 
obliged to resolve unscheduled deferments, such as broken down pumps and 
compressors. Different priorities between the Production Measurement Team, 
Petroleum Engineering, and Programming on the one hand and Field Instrument 
Technicians (as part of Operations) cause a lot of struggling in the organization. As one 
respondent argued: maintenance on metering often doesn't hold a high priority, since it 
generally doesn't cause a deferment. In addition, this respondent argued:
"If the meters are down, physically we don't lose any oil, we just can't 
measure it. So, Operations personnel happen to touch not a high priority 
to that. Although Reservoir and Programming people would, because 
they are losing data."
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In order to resolve this issue, PetroHaya decided to change the organizational location 
of Dedicated Metering Technicians. This decision had already been taken, however, not 
executed at the time of visiting.
In the future situation, Dedicated Metering Technicians will be part of the Scada 
department. The Scada department looks after the data links from the field back to the 
coast, as one respondent explained. However, respondents doubt whether it will be 
successful. As one of the respondents argued regarding Dedicated Metering Technicians 
being part of the Scada department:
"Hopefully, their priorities would be less on breakdowns, and more on 
the production measurement supplying with data."
Another respondent perceived difficulties with having different configurations. Each 
department has a different configuration. This respondent mentioned:
"We have different configurations, different from the Scada side, than 
from the metering side. That is why the reading from here is different.
So, we need to improve all of this."
In addition, respondents noted the implementation of a new system by Shell for 
prioritizing maintenance work. These are global priorities and refer to a priority one job 
in case of an emergency with a huge impact on more than three fatalities. That will 
never be applied to a flow meter, as one of the respondents argued. Although these 
respondents are aware of the importance of having this tool in place, referring to having 
maintenance as a priority, one of the respondents argued that if the:
"Dedicated Metering Technicians [were] into a separate group, the 
priorities would be changed. Priority one would be a loss of data instead 
of life and death issues."
5.2.7 Results on task characteristics of work in the collaborative work environment 
Task complexity
In this section, we distinguish three forms of Task complexity: (a) amount of information 
involved in a task; (b) internal consistency of this information, and; (c) the variability and 
diversity of information.
Amount of information involved in a task. Sharing information across locations seems 
to be a problem at the Operating Unit. Staff encounters difficulties in sharing (the great 
amounts of) information between members of other functions (i.e. disciplines). Not 
informing others about the plans or actions taken, especially related to installing meters 
for improving production measurement was mentioned. We believe having different 
(conflicting) priorities can be a major underlying source of not sharing this information.
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Internal consistency of the information. As mentioned earlier, meters are providing 
non-accurate measures; different measures are being shown at the meters in the field, 
and on the screens in the offices. In addition, different configurations (of systems) result 
in different representations of the measures, which therefore vary among different 
users, as one respondent observed. It is difficult to compare and discuss the data, in 
case different representations are present.
Variability and diversity of the information. Due to difficulties with the internal 
consistency of information, variability and diversity of the information occur to a great 
extent. A problem mentioned that as a result of the variability and diversity of 
information in the Operating Unit, staff spends a great amount of time on 
troubleshooting. Therefore, plans made by staff continuously need to be either 
abandoned or changed, in order to do new work. One respondent illustrated the 
situation very well, by stating:
"So you plan your work, but then you come the next day, and you 
hardly can do your planned work, because there are lots of surprises.
Because you would think you would work on this and this well, and 
then the next day is another well that needs your attention."
Task interdependence
In this section, we start by looking at Initiated and received task interdependence.
Initiated and received task interdependence. In accordance with Kiggundu (1981), we 
differentiate among initiated and received task interdependence. We add the term of 
'perceived' task interdependence by one party towards the other. We differentiate 
among Cross-functional collaboration (see Figure 5.17), and Virtual collaboration (see 
Figure 5.18).
CROSS-FUNCTIONAL COLLABORATION (AT RED BUILDING: SURVEILLANCE, 
OPTIMIZATION, AND METERING)
This section focuses on the cross-functional collaboration at the Red Building. In this 
building, the functions of surveillance, optimization, and metering are present. Figure 
5.17 represents this cross-functional collaboration.
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Perceived as 'positive/easy' collaboration
Perceived as 'neutral' collaboration (both components of positive/easy and 
negative/difficult collaboration)
PP = Petrophysics; PETR ENG = Petroleum Engineering; COAS PROG = Coastal Programming; 
PROD MEAS = Production Measurement
Figure 5.17 - Cross-functional collaboration (at Red Building: Surveillance, Optimization and 
Metering)19
Petrophysics and Petroleum Engineering
Both respondents of the Petrophysics20 department and Petroleum Engineering 
department believed the collaboration between these departments is going well. No 
difficulties in the relationship between these departments were mentioned.
Petroleum Engineering and Coastal Programming
All respondents perceived the collaboration between the Petroleum Engineering 
department and Coastal Programming department as going well. Petroleum Engineering 
finds this collaboration as one of the most important relationships, since it is their direct 
link to the field. One respondent noted that in spite of the collaboration going well, 
sometimes the nature of the collaboration can be somewhat difficult, since Coastal 
Programmers report to another Team Leader, and sometimes they have their own 
priorities.
19 Several respondents referred to 'Petroleum Engineers' as 'Production Technologists', 
'Surveillance Engineers' and 'Reservoir Engineers'. However, PetroHaya uses the term 
'Surveillance Engineer' for a combined function of 'Reservoir Engineer' with 'Production 
Technologist'. We use the term 'Petroleum Engineers'. From a methodological standpoint, 
this is possible, since all terms used referred to each other as 'positive/easy collaboration'. In 
addition, other parties referred to all terms used as 'positive/easy collaboration' as well.
20 Often 'Petrophysics' is also perceived as part of 'Petroleum Engineers'. However, since 
'Petrophysics' was often mentioned as distinct from the 'Petroleum Engineers' in the CWE. 
Therefore, we treat them separately.
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Petroleum Engineering and Production Measurement
From both the Petroleum Engineering department and the Production Measurement 
department, the collaboration between them is perceived as rather difficult. One 
respondent of the Petroleum Engineers believed the size of the team, their scope of 
responsibilities and support of the PetroHaya-systems makes the collaboration difficult. 
This respondent argued:
"It is a small team and their responsibilities are quite dispersed. 
Therefore, they cannot always provide maximum support to us. 
Although they are willing to provide it, they find their hands too tight 
against the PetroHaya-systems, or resistance that they face from the 
field is too much, to provide adequate support."
Another respondent of the Petroleum Engineering department argued that production 
measurement is a deeply rooted problem that no one wants to be a single point of 
accountability for. According to this respondent there is not one entity responsible for 
production measurement. The nature of their role is advisory; the Production 
Measurement Team does not have authority over staff. A problem that is probably 
related to the rather difficult relationship between Petroleum Engineering and 
Production Measurement, is their differences in scope of work area. Petroleum 
Engineering needs and expects support quickly related to the Eskina Cluster. Their scope 
of work area is the Eskina Cluster (asset level). However, the Production Measurement 
Team their scope of work area is whole North-Haya (directorate level), containing 
following clusters: Eskina, Nasser, Askaba, and Pyas. One respondent of the Production 
Measurement Team illustrated the situation very well:
"The Production Measurement Team not only works for the Eskina 
cluster, but for all four clusters in the North. CWE people exclusively 
want to have it for their use, and there is a conflict there. At some point 
you can't dedicate your time to them. But to be honest, that has been a 
problem for a long time; we are just overloaded with the number of jobs 
that you get and coming in."
From the perspective of Production Measurement, the collaboration between them and 
Petroleum Engineering is not going so well. If fact, there is limited communication 
between these two parties. Communication often goes via the Coastal Programmers, as 
one respondent observed. Both Petroleum Engineering and Production Measurement 
seem to be little aware of what the other is doing and how it influences each other's 
work. In addition, this respondent argued that attempts for knowledge sharing have not 
been successful so far. Both the Petroleum Engineering and Production Measurement 
departments have positive collaborative relationships with the Coastal Programmers. 
They are the intermediary for communication between the Petroleum Engineering and 
Production Measurement departments.
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Coastal Programming and Production Measurement
A respondent from the Production Measurement Team argued that the collaboration is 
going well. However, a respondent from the Coastal Programming Department 
perceived the collaboration as neutral. This respondent has on an ad-hoc basis contact 
with the Production Measurement Team. He says that it is sometimes difficult to reach 
agreement, but the collaboration is manageable. We believe having different priorities is 
one major underlying source of the nature of this relationship (we elaborated on this 
issue in §5.2.6 Results on organizational structure).
VIRTUAL COLLABORATION
We continue our discussion with virtual collaboration. Virtual collaboration in the 
Collaborative Work Environment takes place between the Eskina Main Office (Field 
Operations), Red Building (Surveillance, Optimization and Metering), and Blue Wing 
(Well Services). Continuous video-conferencing contact exists between the Field 
Programmers of the Eskina Main Office and the Coastal Programmers of the Red 
Building. Figure 5.18 provides an overview of the virtual collaboration.
Red Building Eskina Main Office
Blue Wing
Perceived as 'positive/easy' collaboration
Perceived as 'neutral' collaboration (both components of positive/easy and 
negative/difficult collaboration)
Figure 5.18 - Virtual collaboration between three locations in PetroHaya
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Red Building and Eskina Main Office
In this section we provide an overview of the virtual collaboration between disciplines 
involved in the Red Building (Petroleum Engineering, Coastal Programming, and 
Production Measurement Support) and Eskina Main Office (Field Programming, Field 
Operations, and Field Technicians).
Petroleum Engineering and Field Operations. The nature of the collaboration 
between Petroleum Engineering and Field Operations varies. A few respondents of the 
Petroleum Engineering department indicated this collaboration as positive/easy. One 
respondent mentioned that since Programming is part of the CWE, the link between 
Petroleum Engineering and Field Operations is much better. Another respondent argued 
that requests of Petroleum Engineering are followed up easily by Field Operations. 
Others perceived the collaboration as neutral. These respondents all gave the same 
reason, namely due to constraints in the field, Field Operations cannot always execute 
Petroleum Engineers' requests. Referring to the collaboration between Petroleum 
Engineering and Field Programming, one respondent argued:
"Sometimes it is difficult, because they cannot do what you want them
to do, because of constraints. Sometimes we have conflicting priorities."
In contrary, Field Programming believed the collaboration has improved, since they are 
in closer contact.
Coastal Programming and Field Operations. The collaboration between Coastal 
Programming and Field Operations (Field Programming and Field Operators) is going 
well, as all respondents mentioned. One respondent even argued the collaboration is 
going very well. Using videoconferencing has improved the collaboration between the 
Coastal Programmers and Field Operations, according to one respondent. In their 
collaboration, operations issues always come first, as one respondent noted. That is 
where this respondent saw the benefit of having the CWE in place.
Production Measurement Support and Field Operations. PetroHaya decided to bring 
production measurement into the CWE, because of the number of issues that the Eskina 
cluster is having around metering and the effects they have on performance, as one 
respondent observed. From the Production Measurement Support's perspective, the 
collaboration with Field Operations (both with Field Programmers and Field Operations) 
is going well. However, the collaboration with the Field Technicians is a bit more 
difficult. Two factors are possibly influencing the nature of this relationship. First, Field 
Technicians have got their priorities set by their supervisors, which is often different 
from the priorities the Production Measurement Support Team has, as one respondent 
argued. Second, there are a few Instrument Technicians (as part of Field Technicians). 
There are only two Metering Technicians (as part of Instrument Technicians) for the 
whole Eskina cluster, as one respondent observed. There are a few thousand meters; 
there are just not enough people to do that job.
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Red Building and Blue Wing
In this section we provide an overview of the virtual collaboration between disciplines 
involved in the Red Building (Petroleum Engineering) and Blue Wing (Well Services).
Petroleum Engineering and Well Services. From the perspective of Petroleum 
Engineering, the nature of the collaboration with Well Services varies. Four (out of six) 
respondents said that the collaboration is going well. The other two respondents 
mentioned the collaboration is rather difficult. These respondents provided two 
reasons. First, different priority setting can make the collaboration sometimes difficult. 
Second, lack of competency-level of Well Services' staff. Well Services is approachable, 
but the problem is that they have non-experienced people, according to one of the 
respondents.
Well Services perceived the collaboration with Petroleum Engineering as going well. 
Well Services receives assignments from the Petroleum Engineers. Petroleum 
Engineering tells Well Services what they want to achieve and Well Services offers 
solutions to them, as one respondent explained. Well Services advices Petroleum 
Engineering in applicable approaches and possible achievements.
Eskina Main Office and Blue Wing
In this section we provide an overview of the virtual collaboration between disciplines 
involved in the Eskina Main Office (Field Programming and Field Operators) and Blue 
Wing (Well Services).
Field Programming and Well Services. Field Programming finds the collaboration with 
Well Services going well. We have no empirical results on how Well Services finds the 
collaboration with Field Programming. We do have empirical results on how Well 
Services sees the collaboration with Field Operators. Well Services perceived this 
collaboration as neutral. Sometimes there are communication gaps, as one respondent 
argued. According to this respondent Production Operations (i.e. Field Operators) just 
want to operate the wells. This respondent argued that:
"They [Field Operators] might not know the basics behind the job of Well 
Services and sometimes they don't release wells for us, because they 
don't understand what we do. Sometimes they think we are stopping 
their production. They sometimes fail to understand that the Asset Team 
[e.g. Petroleum Engineering] requests for these jobs."
5.2.8 Results on competencies in the collaborative work environment 
Required competencies for cross-functional teams
Taskwork. In general, the level of technical competencies (taskwork-related 
competencies) is perceived as sufficient. An exception is the competency level of Field 
Operations, which has diminished, according to several respondents. We relate the Lack 
of human capability (Hayanisation of the workforce and The retention of young 
professionals) to the reduction of competency level in the CWE. Regarding the 
Hayanisation of the workforce, the rapid nationalization of the workforce is perceived as
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jeopardizing continuation of the CWE. It takes time for staff to be well integrated into 
the ECC CWE. If a large number of expat staff is to be replaced, difficulties with 
integration could arise. Regarding The retention of young professionals; this seems to be 
more worrisome. As mentioned earlier, PetroHaya struggles with retaining young 
professionals after they have worked at PetroHaya for four to five years. Understaffing 
is the result of this struggle. We perceive two important consequences of understaffing 
for the CWE. First, priorities in the Field Operations are set for deferment of broken 
down pumps, compressors, instead of maintenance of meters, as mentioned earlier. 
Eventually, WRM process elements are more and more difficult to execute, since 
accurate measures are necessary to manage the fields. Having maintenance on meters 
not as a priority results in not receiving accurate measures and eventually, not being 
able to execute WRM process elements. Second, competent people quickly go 
somewhere else, as one respondent argued. Competent people in Field Operations are 
rapidly transferred to other parts of the organization, without having time to train or 
coach their successors. As one respondent argued:
"People who are very experienced work in the office, people who are not 
that experienced work in the field."
Teamwork. All respondents mentioned teamwork competencies have improved, 
since people are sitting together, discussing issues and making decisions in the CWE. 
Staff is more aware of other people's drivers, other discipline's drivers, and other teams' 
drivers, as one respondent noted. As a respondent illustrated the awareness of other 
discipline's drivers:
"I have learned to deal with contradicting priorities between me and 
Operations. If it clashes with their plans, they will not do it for me 
directly. They have constraints; they cannot do everything at the same 
time. I am starting more and more to realize that."
In terms of the level of competency of teamwork competencies in the CWE, one 
respondent believed that related to the Shell system (with competency-levels of 
awareness, knowledge, skill and mastery), the awareness level applies to the vast 
majority of staff in the CWE.
Staff has received technical and teamwork-related training, according to several 
respondents. Almost all respondents believed there is no need for additional training in 
the CWE.
Required competencies for virtual teams
Telecooperation. Referring to competencies for virtual collaboration; there are two 
levels, as one respondent explained. The first level is the daily virtual collaboration that 
happens between the Coastal Programmers (at the Red Building) and the Field 
Programmers (at the Eskina Main Office). That is a great success, as this respondent 
mentioned. Also other respondents argued that having this link in place is one of the
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greatest successes/benefits of having the CWE in place. The second level is the 
structured meeting between these two locations. In this structured meeting, face-to- 
face contact occurs by using videoconferencing. According to one respondent there are 
difficulties with the possibility of face-to-face contact, perceived by Field staff. This 
respondent argued:
"Field staff perceives the CWE as a control mechanism of Coastal staff 
for the field. Face-to-face contact resulted in more accountability; people 
feel like they are on the spot."
The field feels they need to do work for the coast, without having some benefit in 
return, as one of the respondents argued. Another respondent mentioned that the ECC 
CWE is a WRM-driven CWE; Field staff therefore perceives any request from the coast 
(especially from the Petroleum Engineers) as on top of their normal work, instead of as 
part of their normal work.
5.2.9 Reflection on relationships between variables of research
PetroHaya is functionally organized. As a result, business integration takes place at the 
level of Oil Directors. In the ECC Collaborative Work Environment, there are functional 
lines related to the disciplines and process lines, resulting in a matrix organization. The 
CWE structure is different from the overall PetroHaya structure. The CWE cuts across 
disciplinary boundaries, which conflicts with the functional structure of PetroHaya. In 
general, cross-functional collaboration is going well, except with Production 
Measurement. The different scope (for all four clusters of North Haya) of Production 
Measurement was reported as an explanation for the neutral collaboration with this 
department. Virtual collaboration between Petroleum Engineering and Field Operations 
was indicated as neutral. Constraints in the field prohibit Field Operations to always 
execute Petroleum Engineers' requests.
In general, the level of technical competencies (taskwork-related competencies) is 
perceived as sufficient. An exception is the competency level of Field Operations, which 
has diminished, according to several respondents. All respondents mentioned teamwork 
competencies have improved, since people are sitting together, discussing issues and 
making decisions in the CWE. Two different levels of telecooperation-related 
competencies were distinguished by respondents: the first level is the daily virtual 
collaboration that happens between the Coastal Programmers (at the Red Building) and 
the Field Programmers (at the Eskina Main Office). That is considered to be a great 
success. The second level is the structured meeting between these two locations. In this 
structured meeting, face-to-face contact occurs by using videoconferencing. Difficulties 
with the possibility of face-to-face contact, perceived by Field staff were reported.
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5.3 Case C -  Fynns Oil -  Urval
This location was visited in January 2010. The duration of the stay at the location was 
eight days.
5.3.1 Introduction to Fynns Oil
Shell Exploration & Production Europe (EPE) operates a great number of varying assets 
from old brownfield platforms & fields to new greenfield developments (Gerrard et al.,
2007). The Fynns Oil asset contains several brownfields, organized into clusters, like: 
Wyona, Shannan, Locksley and Urval cluster. This research focuses on the Urval cluster.
Urval cluster
The Urval field (as part of the Urval cluster) was discovered in 1988, and production 
began in 1994 (Boyd-Gorst, Fail & Pointing, 2001). The Urval field became part of Shell's 
portfolio in 2002, after the acquisition of CorpOil (Gerrard et al., 2007; Gerrard, McCabe 
& Beck, 2010).
5.3.2 Implementation of smart oil fields in Urval
Opinions of respondents varied what the trigger for the implementation of Smart Oil 
Fields in the Urval cluster was. The variation in answers ranged from (a) not knowing 
what the trigger was, (b) to use the latest technology to improve the way the platform 
operates, or (c) being a showcase, since the Urval platform is in a better condition than 
the majority of the platforms in the Fynns Oil Asset. The variety in answers is not very 
surprising. Gerrard, McCabe & Beck (2010: 1) argue that "Within Shell Exploration and 
Production in Europe (EPE), the majority of hydrocarbon production comes from 
brownfield assets, where the business case for large investment is not always clear". 
There appear to be two reasons for implementing Smart Oil Fields Technology at Urval: 
First, Smart Oil Fields Technology generates real-time production signals from individual 
wells (Gerrard et al., 2007). That way, required corrective actions and optimization 
activities (e.g. gas lift) can be initiated more easily. Second, in general, production can be 
maximized by gas lifting across the wells. In the Urval field, the gas lift optimization 
process 'evolved' over time (Gerrard et al., 2007). To a large extent, involved users and 
data flows were "only aware of their part in the entire process" (Gerrard et al., 2007: 4). 
Although several process elements of the Real-Time Operations control loop were 
executed, a standardized way of working was lacking in the past. Staff in the Urval 
cluster aim to work in a standardized way by implementing Smart Oil Fields Technology 
(Gerrard, McCabe & Beck, 2010).
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5.3.3 Implementation of the collaborative work environment in Urval
The scope of the Urval CWE focuses on "enabling RTO Production Surveillance (Real 
Time Operations) and its link to PSO (Production System Optimization)". Urval 
formulated the objectives for implementing the CWE (as relevant for this research) as 
follows:
(1) Optimize and integrate the following process elements so that they are effectively 
and efficiently executed through the Fynns Oil Urval CWE:
• Monitor the Production System & Conduct Surveillance;
• Platform Operations & Maintenance Support -  RTO Troubleshooting;
• Very Short Term Schedule Management.
(2) Improve communications and collaboration between the beach (Petroleum 
Engineering, Operations, Maintenance, and Planning) and platform functions (both 
Operations and Maintenance) through the appropriate use of collaborative 
technology;
(3) Support the activities and decisions made by separate technical and operations 
teams that have key roles to play in achieving the objectives of the cluster vision.
Within the CWE, better cross-functional collaboration and communication needs to 
result between: (a) Urval Platform, and; (b) Lannockburn Office. Table 5.5 represents 
two core nodes of the CWE and the disciplines present.
Geographical location Building Discipline
Offshore Urval Platform Operations
Maintenance
Onshore Lannockburn Office Platform Operations & Maintenance
Support
Planning
Daily Surveillance
Table 5.5 - Nodes differentiated into geographical location, building, and discipline
The Urval Platform (Offshore location) and Lannockburn Office (Onshore location) are 
connected by using collaborative technologies. Eight core members are physically 
located in the CWE onshore and a selected number offshore.
In general, all respondents were positive to very positive about working in the 
Collaborative Work Environment. The main benefit was perceived as the improved 
collaboration between onshore and offshore staff. According to one respondent the 
CWE in Urval is working so well because the current setup of the CWE is simple; the 
right people are in place, and things get done. However, most benefits are not tangible, 
which makes it hard to justify the investment made, according to several respondents. 
One of the respondents argued that:
"It is very difficult to quantify the value that has been added, very 
difficult to quantify in terms of barrels of oil."
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Collaborative Work Environments have mostly intangible benefits like, getting people 
talking to each other, who weren't talking to each other before, and improved job 
satisfaction, as one of the respondents observed.
In addition to the (mainly intangible) benefits, there are disadvantages of working in the 
CWE, according to several respondents: (1) A tension between working in a 
collaborative way, leading to interruptions, and being able to concentrate well on 
complicated issues, and; (2) human resources being shared between either (a) discipline 
and cluster, or (b) two clusters (see §5.3.4). As a result, the CWE is fairly underutilized, in 
terms of desk space and facilities not being used, as a few respondents observed.
5.3.4 Field management issues in Urval
In this section we mention two Field management issues in Urval. First, the Ageing wells 
& facilities, and second, Complexity of the onshore organization.
Ageing wells & facilities
For Operations, the Urval field is probably not a difficult field to operate, since it is a 
simple process, according to one of the respondents. One of the main field management 
issues seems to be ageing facilities. These facilities are about 20 years old. Several 
respondents argued that ageing facilities; results in difficulties with maintenance of 
these facilities. In addition, respondents mentioned there are reliability issues. As one of 
the respondents illustrated the situation:
"There are a lot of reliability issues, especially struggling with getting 
the root causes of them."
As a result of the ageing facilities, the Urval cluster is struggling with sand production, as 
several respondents reported. However, sand production is not only due to ageing 
facilities, but also due to the fact that the Urval-field is towards the end of the field 
(production) life (i.e. field maturity). Sand production is common for oil fields in the 
North Sea, as one of the respondents explained. At the end of the field (production) life, 
more water is being produced. The more water you produce, the more sand comes 
along with the water production. Sand production causes deferments of wells & 
facilities. Eventually, sand production can lead to losing wells, according to one of the 
respondents. In turn, these deferments result in ageing wells & facilities. In addition, 
there are also equipment failures because the original manufacturer parts were not 
used, often because of issues like cost or long delivery times of spares, as one 
respondent argued. This respondent illustrated the situation as follows:
"Equipment not being refurbished to the exact specification results in 
equipment failures. Sand production from wells is causing some issues 
with well performance and topside equipment."
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In summary, the higher the level of field maturity, the higher (a) the level of ageing wells 
& facilities, and (b) the level of sand production will be. In turn, more (a higher level of) 
sand and water production results in more (a higher level of) deferments of wells & 
facilities. More deferments of wells & facilities result in a higher level of ageing wells & 
facilities. Figure 5.19 represents a feedback loop of ageing wells & facilities and its 
consequences.
+ variables are changing in the same direction (either both variables 
increase or both variables decrease, which is referred to as a 'positive 
relationship')
Figure 5.19 - Feedback loop of ageing of wells & facilities & consequences 
Complexity of the onshore organization
A challenge for the success of the Collaborative Work Environment of Urval is the 
complexity of the organization onshore. Onshore staff involved in the production 
optimization has differing reporting lines (Gerrard, McCabe & Beck, 2010). Petroleum 
Engineering staff works for a central 'skill pool' and provides services to the Urval cluster 
(Gerrard, McCabe & Beck, 2010: 3). In contrast, Production staff is almost exclusively 
dedicated to the Urval cluster. After the reorganization at the end of 2009 (transition 
'09), a major reduction of workforce has taken place. Out of the eight core members 
sitting in the CWE, five of them have other tasks (in addition to the work for the Urval
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CWE). Several members are either split (1) between work for the Urval-platform in the 
CWE and work in their discipline, or (2) between work of two different clusters (often 
Urval and Wyona). As a result, several of the core members of the CWE are not 
physically present anymore to provide services to the offshore platform. One of the 
respondents illustrated the situation as follows:
"Since people are not available all the time anymore, it takes away 
one element of quick decision-making; it makes the communication 
more difficult, because you are not there. The whole easiness and 
slickness of the Collaborative Work Environment is immediately 
reversed, because you are no longer there."
From a business perspective sharing human resources among several clusters makes 
sense, however from a CWE perspective fractures are coming in for what you are trying 
to do, as a respondent argued. In an attempt to coordinate the complex organization 
onshore, the Fynns Oil asset (of which the Urval cluster is a part) introduced the 
following roles: (a) one Operations Cluster Leader for the Urval/Wyona/Locksley 
clusters, and (b) one WRM Cluster Leader for the Urval/Wyona clusters. Persons 
fulfilling these roles are responsible for executing the process, but have no formal 
authority over staff in the clusters. Therefore, these persons are continuously 
negotiating with discipline heads and their staff members to execute work for a 
particular cluster. Continuous negotiations regarding work priorities and searching 
where people are physically located at a particular time are the results of this complex 
organization onshore.
In summary, after the reorganization technical staff (Petroleum Engineering staff) has 
disciplinary reporting lines and provides services to a particular cluster. After the 
reorganization technical staff has to be shared between either: (a) work in the discipline 
and the cluster, or (b) work between two clusters. In an attempt to coordinate all these 
shared resources, two persons have to negotiate with discipline heads and their staff to 
execute work for a particular cluster. Figure 5.20 represents a simplified overview of the 
complex organization onshore, after the reorganization.
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Note that the actual number of people present in the directorates in the figure above differs from reality
Figure 5.20 - Complexity of organization onshore after the reorganization
5.3.5 Organizational control loop
In 2009, Shell mapped the Real-Time Operations process elements for Fynns Oil. They 
mapped the following process elements:
(1) Monitor the Production System & Conduct Surveillance;
(2) Platform Operations & Maintenance Support -  RTO Troubleshooting;
(3) Very Short Term Schedule Management.
Figure 5.21 provides a representation of these process elements in a process model (as 
provided by Shell. In all three process elements, respondents argued that are no real 
difficulties in executing them, from the perspective of collaboration. Problems that were 
mentioned by respondents mainly related to not having enough time to carry out the 
process (element) properly.
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Figure 5.21 - Representation of EPE Fynns Oil CWE process model
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Figure 5.22 shows an organizational control loop (based on Ten Have, 2008), consisting of 
natural clusters of detect, evaluate and adjust, norm setting, judge, intervention planning, 
execute, and information relationships between them. We relate the organizational control 
loop of Ten Have (2008) to the Real-Time Operations & Production Optimization process 
elements of Fynns Oil -  Urval.
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Figure 5.22 - Organizational control loop and Fynns Oil Urval Real-Time Operations and 
Production Optimization process elements
5.3.6 Results on organizational structure of the operating unit
In this section, we distinguish between the organizational structure of the Operating unit of 
the Fynns Oil asset and the Collaborative Work Environment.
OPERATING UNIT
In the 1990s, Shell Exploration & Production Europe (SEPE) had an asset-based organization, 
as one of the respondents explained. Staff within the assets did the work and hierarchically 
reported in the business line. Advantages of the asset-based organization were: the 
hierarchy of the organization was very clear, and staff worked towards business targets,
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according to one respondent. However, as one respondent argued, often the technical 
quality of the work delivered suffered in the asset-based organization. This was the trigger 
for SEPE to change the organizational structure from an asset-based organization into a 
functional matrix organization in 2003.
The functional-based matrix organization has several directorates, like the Production and 
Technical Directorate. In turn, these directorates consist of several functional departments 
(disciplines) (see Figure 5.23). As mentioned earlier, staff in the Technical Directorate works 
for a central 'skill pool' and provides services to the Urval cluster. All of these staff members 
report in their functional line.
In order to achieve business targets in the functional-based matrix organization, two 
integrators are installed for the Urval cluster: the Operations Cluster Leader for the 
Urval/Wyona/Locksley clusters, and the WRM Cluster Leader for the Urval/Wyona clusters 
(see §5.3.4). However, the discipline heads are responsible for (a) delivering the work on 
time, and (b) the technical quality assurance of work delivered. A few respondents believed 
a functional-based matrix organization is not the right organizational structure for an 
environment like Urval. Reasons they gave for this view were: (a) there is a lot of noise in 
this type of structure; (b) it requires extra liaisons and connections to make a functional­
based matrix organization work; (c) decision-making is slow, whereas in a mature asset 
environment you need speed; (d) many hierarchical levels, therefore integration between 
disciplines takes place at a high level of the organization; and (e) each discipline (i.e. 
function) has its own targets. One of the respondents illustrated the disadvantages of the 
functional matrix organization as follows:
"I've worked before in a matrix, and also in a direct line asset. My experience 
is that the matrix doesn't work. The reason is that each function has its own 
targets; they are not always aligned with what the asset business targets 
are. People have become very narrow minded in their own functional area."
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Overall level
Technical Directorate
Petroleum
Engineering
CPE Fynns Oil Asset
Production Directorate
Fynns Oil Asset Engineering & 
Maintenance
Central Operations 
Platforms 1
Urval □ Operations Support
Figure 5.23 - Simplified overview of organizational structure of the Operating Unit
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According to one of the respondents, there is a relationship between the level of field 
(production) maturity and the type of organizational structure preferred. In case the 
organization operates a mature asset, it needs to move faster. Double reporting lines of 
the functional-based matrix organization are in the way of fast decision-making. The 
quality of work can easily be assured in case of a mature asset, since the nature of the 
work is repetitive, as the respondent explained. In addition, this respondent argued that 
at a mature stage the organization can afford to make mistakes, as long as it moves and 
learns fast enough. An asset-based organization would be the right organizational 
structure in this type of environment, according to the respondent.
However, in a Greenfield development, where stakes are high and quality is more 
important than speed, a functional-based matrix structure would be more appropriate. 
The organization cannot afford to make mistakes, since these will have a very large 
(financial) impact, according to this respondent. Figure 5.24 represents the suggested 
relationship between the level of field maturity and the type of organizational structure 
preferred, according to a respondent.
Functional-based
matrix Asset-based
Low ^ o r g a n i z ^ o r g a n i z a t i o n ^  High
(Greenf ield) Level o f maturity o f field  (Brownf ield)
Figure 5.24 - Suggested relationship between the level of field maturity and type of 
organizational structure preferred according to a respondent
Figure 5.25 provides a summary of the positive points and negative points/drawbacks of 
both the functional-based matrix organization and the asset-based organization, 
according to respondents.
Positive points Negative points/drawbacks
Functional - based 
matrix organization
• Assurance of technical quality of 
work
• A lot of noise in the organization
• Requirement of extra liaisons and 
connections to make the organization 
work
• Slow decision-making
• Many hierarchical levels, therefore 
integration of disciplines takes place 
at a high level in the organization
• Each discipline has its own targets, 
which are not always aligned with 
business targets
Asset - based 
organization
• Fast decision-making
• Clear hierarchy
• Great performance of business 
targets
• Technical quality of work suffers
Figure 5.25 - Positive points and negative points of the functional-based matrix and asset- 
based organization according to respondents
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In the functional-based matrix organization reporting lines of different lines integrate at 
a high hierarchical level in the organization, as mentioned earlier. However, in case the 
relationships and communication is put at a low hierarchical level, the organization can 
solve problems quicker, as one respondent explained. In addition, this respondent 
argued that the CWE bridges the communication gap that was created by dividing staff 
into a Technical Directorate and a Production Directorate.
COLLABORATIVE WORK ENVIRONMENT 
DIFFERENTIATION
In the CWE there are eight core members present onshore, divided between two teams:
(1) the maintenance team (consisting of Onshore Support Supervisor, Maintenance 
Focal Point, Reliability Engineer, and Planner) and (2) the surveillance team (Production 
Programmer, Production Technologist, Process Engineer, and Well Integrity Focal Point). 
These core members are located in the same office, which is referred to as the 'hub' 
(Gerrard, McCabe & Beck, 2010). All disciplines physically present in the 'hub' of the 
CWE are part of the Production Directorate, except for the Production Technologist, 
who is part of the Technical Directorate (see Figures 5.26a & 5.26b). It becomes clear 
from Figures 5.26a & 5.26b that the CWE has a functional organization in place. In this 
research we only focus on the core members of the CWE.
VERTICAL COORDINATION MECHANISMS
In addition to the division of the two Directorates (units): Technical Directorate and 
Production Directorate, in this section we look at the hierarchy of the two units. In 
accordance with several authors (cf. Harris & Raviv, 2002), we focus on the number of 
hierarchical levels and the span of control. Table 5.6 provides an overview of the 
hierarchy of authority of the CWE of Urval.
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Unit Number of Unit size
hierarchical levels
Technical Directorate
Subunit: Production Technology 1 1
Subunit: Urval & WRM Team Leader 1 1
Production Directorate
Subunit: Operations Supervisors21 1 7
Subunit: Offshore Maintenance Team Leader 1 2
Subunit: Operations Technicians22 28
Subunit: Offshore Installation Manager 1 2
Subunit: Maintenance Technicians23 5
Subunit: Operations Support Urval 1 1
Subunit: Operations Cluster Leader 1 1
Subunit: Programmer 1 1
Subunit: Planner 1 1
Subunit: Reliability Engineer 1 1
Subunit: Maintenance Focal Point 1 1
Subunit: Process Engineer 1 1
Table 5.6 - Hierarchy of authority in CWE Urval
Centralization
In the CWE, all staff members report to their discipline heads. None of the respondents 
could indicate who is formally responsible for the decision-making in the CWE. In 
addition, all respondents argued that there is no single head that is managing the CWE, 
with formal authority. In fact, as one of the respondents argued:
"There is not one particular individual responsible for the coordination 
between the disciplines in the CWE. We are each responsible to perform 
our own roles and account for our own responsibilities within the CWE.
We all have different line managers, outside of the CWE. So, in terms of 
a single report within the CWE, there is no formal arrangement."
21 Assistant Operations Supervisors are also included, since they are referred to as being 
'Supervisor' as well.
22 Since the formal organizational structure of Urval only represents the functions, not a 
specified hierarchy, in this research it is assumed that 'Operations Technicians' are 
hierarchically part of the 'Operations Supervisors'.
23 Since the formal organizational structure of Urval only represents the functions, not a 
specified hierarchy, in this research it is assumed that 'Maintenance Technicians' are 
hierarchically part of the 'Offshore Maintenance Team Leader'.
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On a regular basis, discussions are taking place between onshore and offshore staff. 
However, these discussions hardly ever escalate. In case they do escalate, either the 
discussion will go a hierarchical level up, or a group discussion will take place, as one 
respondent explained. The group discussion makes everyone aware of the decision that 
was taken, according to this respondent.
Regarding whether the quality of decision-making has improved by working in the CWE, 
opinions varied. One group of respondents believed the quality of decision-making 
indeed improved. As one of respondents argued:
"Just by working in the team, we can brainstorm a lot better when we 
are all together, and can come up with possible solutions."
The other group of respondents questioned whether the quality of decision-making has 
changed. Examples of reasons why the quality of decision-making has not changed 
were: the work that is being done has not changed, and there are a lot of other factors 
influencing the quality of decisions. One respondent also argued that:
"It is difficult to say whether that is down to the Collaborative Work 
Environment, or what has been down to other initiatives that have been 
placed, like Smart Fields, or Exception Based Surveillance."
HORIZONTAL COORDINATION MECHANISMS
Direct contact. There are three structured surveillance meetings between onshore 
and offshore taking place every week. Issues like, production over the last couple of 
days, problems with wells, and actions taken and to be taken, are discussed. In addition 
to the structured surveillance meetings between onshore and offshore, there are ad-hoc 
meetings, when issues arise and direct contact is needed, according to one respondent.
Liaison role. Several respondents pointed to the Onshore Operations Support as the 
informal CWE Manager. Although Onshore Operations Support has taken up the 
informal job of being a CWE Manager, this is nowhere formally arranged. The nature of 
the role of Onshore Operations Support is to be a liaison between the Surveillance Team 
and the Maintenance Team (as represented in Figure 5.27).
181
Figure 5.27 - Onshore Operations Support represented as a liaison between the 
surveillance team and the maintenance Team
Despite the fact that Onshore Operations Support has no formal authority over any of 
the disciplines involved in the CWE, collaboration and coordination seem to be going 
well in the CWE (more on that in §5.3.7). As one of the respondents argued:
"We all integrate well. Everyone is really focused on the platform.
Everyone is passionate about the platform."
In addition to the liaison role of Onshore Operations Support in the CWE (perceived as a 
CWE champion)24, there is an additional CWE champion: the Production Programmer for 
the surveillance part of the CWE, whereas the Onshore Operations Support is the CWE 
champion for the maintenance part of the CWE, as one of the respondents explained. 
The Production Programmer chairs the surveillance meetings between onshore and 
offshore staff. This role can be perceived as a 'liaison role' as well. One of the 
respondents believed being a CWE champion should be part of the performance 
agreement between the Production Programmer and the organization. This respondent 
argued:
"However, that is not part of their performance agreement; being a 
CWE champion. That is probably a trick that is missing in the CWE; the 
Production Programmer line should be held accountable for the success 
in the CWE."
Task force. We have found no indication of a task force being present in the CWE of 
the Urval cluster.
Team. In the Urval CWE, two teams (consisting of staff of different disciplines) are 
collaborating with each other: the Surveillance team and the Maintenance team. As 
mentioned earlier, all disciplines involved in the CWE are reporting to the Production
24 Note that in earlier cases this was referred to as 'Process owner'. Due to a limited number of 
process elements included in the CWE, there are no 'Process owners', but 'CWE champions'.
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Directorate, except for the Production Technologist who reports to the Technical 
Directorate. In turn, the Production Directorate has three main groups: (1) Fynns Oil 
Asset, which relates to the day-to-day field operations; (2) Production Services, 
supporting the production optimization & capability related to the wells, and; (3) 
Engineering & Maintenance, supporting the production optimization & capability 
related to the facilities (see Figure 5.26b).
Integrator role. We have found no indication of an integrator role being present in 
the CWE of the Urval cluster.
Matrix organization. We have found no indication of a matrix organization being 
present in the CWE of the Urval cluster.
5.3.7 Results on task characteristics of work in the collaborative work environment 
Task complexity
In this section, we distinguish three forms of Task complexity: (a) amount of information 
involved in a task; (b) internal consistency of this information, and; (c) the variability and 
diversity of information.
Amount of information involved in a task. A few respondents reported that there is 
too much work, executing the tasks is time-consuming, and there are not enough people 
to execute the tasks. According to one respondent the actual volume of work is very 
large and the constraints are very tight.
Internal consistency of the information. Devices don't provide the right data, as a few 
respondents argued. According to one respondent this could be due to faulty 
instrumentation or meters.
Variability and diversity of the information. Several respondents argued there are a 
great variety of activities, like fixing broken down pumps, compressors, coolers, and 
separators (i.e. deferments). According to one of the respondents, managing deferment 
as such is not difficult; however finding the root causes and decide what needs to be 
done to correct the deferment is difficult. It is difficult to know when the facilities are 
about to break and finding the root causes. As a result of not knowing when equipment 
is about to break and its root causes, staff gets forced into a firefighting mode, instead 
of setting up prevention, as one of the respondents explained.
Task interdependence
Initiated and received task interdependence. We differentiate among Cross-functional 
collaboration (see Figure 5.28), and Virtual collaboration (see Figures 5.29 & 5.30).
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CROSS-FUNCTIONAL COLLABORATION (AT LANNOCKBURN OFFICE: SURVEILLANCE 
AND MAINTENANCE)
This section focuses on the cross-functional collaboration at the Lannockburn Office. In 
this building, functions of surveillance and maintenance are present. Figure 5.28 
represents this cross-functional collaboration.
Figure 5.28 - Cross-functional collaboration (at Lannockburn Office: Surveillance team and 
Maintenance team)
It becomes obvious from Figure 5.28 that the cross-functional collaboration between 
staff members of the surveillance team and maintenance team is going well. All 
respondents argued the cross-functional collaboration has improved in the CWE. In fact, 
all respondents gave exactly the same reason behind this improvement; all disciplines
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are now located in close proximity of each other. One of the respondents illustrated the 
situation well:
"The quality of cross-functional collaboration has improved in the CWE.
Before the CWE was set up, people from different disciplines were sitting 
in different buildings, or in the same building but on different floors.
People were spending a lot of time setting up computers, walking to 
meetings, and talking to each other about non-related work issues, 
because they hadn't talked to each other for a while. Now you can catch 
everyone at the same time, when they are all sitting together. Before it 
would have taken you half a day, walking through the whole building."
VIRTUAL COLLABORATION
We continue our discussion with virtual collaboration. Virtual collaboration in the 
Collaborative Work Environment takes place between the Lannockburn Office 
(Surveillance Team and Maintenance Team) and the Urval Platform (Field Operations). 
We start by presenting virtual collaboration between the Maintenance Team and the 
Urval Platform (see Figure 5.28), followed by virtual collaboration between the 
Surveillance Team and the Urval Platform (see Figure 5.29).
Lannockburn Office Maintenance Team and Urval Platform
Before the CWE, staff onshore and offshore communicated via teleconferencing. 
However, a problem was that geographically dispersed members were not able to see 
facial expressions of members at the other location. By having a CWE in place, facial 
expressions are indeed visible for geographically dispersed members. As one of the 
respondents put it: visual communication is working; it makes everyone more 
accessible. Many respondents argued the quality of virtual collaboration has improved, 
since working in the CWE. One of the respondents illustrated the before and after 
situation as follows:
"Before, we used the spider phones, which created silos onshore and 
offshore. With the cameras you can't do that, you can't put them on 
mute and have a separate discussion. The difference is amazing. When 
you talk to them, and it is almost like you talk to them face-to-face, it is 
very difficult to doubt someone's intentions when you see them. The 
difference is huge, but it is very difficult to quantify."
In addition to the difficulty of quantifying the difference of the improvement, one 
respondent emphasized the improvement is related to the 'softer' issues, like the 
relationship building, the trust of intent with Offshore staff.
Figure 5.29 represents the virtual collaboration, between the Lannockburn Office 
(Maintenance Team) and the Urval Platform.
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Perceived as 'neutral' collaboration (both components of positive/easy and 
negative/difficult collaboration)
Figure 5.29 - Virtual collaboration (between Lannockburn Office: Maintenance team and 
Urval Platform)
As can be observed from Figure 5.29, virtual collaboration between the Lannockburn 
Office (Maintenance team) and the Urval Platform is going well according to the 
respondents. In fact, the only slightly more difficult virtual collaboration is between 
Reliability Engineering and both Offshore representatives. According to the respondent 
of the Reliability Engineering this collaboration is slightly more difficult mainly because 
Offshore Operations has a different function. Their workload and physical location 
makes it more challenging to collaborate with them, as this respondent explained. 
Therefore, this collaboration is indicated as being neutral (containing both components 
of positive and difficult collaboration).
Lannockburn Office Surveillance Team and Urval Platform
Figure 5.30 represents the virtual collaboration, between the Lannockburn Office 
(Surveillance Team) and the Urval Platform.
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Figure 5.30 - Virtual collaboration (between Lannockburn Office: Surveillance team and 
Urval Platform)
The virtual collaboration between the Lannockburn Office (Surveillance Team) and the 
Urval Platform is going well. In fact, the only slightly more difficult collaboration is 
between Production Programming and representatives of the Urval Platform. The 
reason behind the slightly more difficult collaboration is that there are sometimes 
different opinions about what the priorities are and the sequence of executing the 
priorities, as the respondent of the Production Programming explained. However, these 
are not major issues, according to this respondent. Therefore, this collaboration is 
indicated as being neutral (containing both components of positive/easy and 
negative/difficult collaboration).
5.3.8 Results on competencies in the collaborative work environment
Required competencies for cross-functional teams
Taskwork. In general, respondents believed that their technical competencies have 
not significantly changed by working in the CWE. One of the respondents argued that:
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"I am not sure whether working in the CWE improves technical 
competencies. It could facilitate improving them. I can't think of any 
examples where the CWE has enabled that over what I would have done 
otherwise."
Another respondent argued that it would probably improve staff's awareness of how 
the platform operates.
Teamwork. In contrast to the perceptions that technical competencies have not 
changed by working in the CWE, several respondents believed communication skills of 
staff have certainly improved by working in the CWE. As one respondent pointed out:
"The communication has changed in the CWE; however, the type of work 
remained the same."
Required competencies for virtual teams
Telecooperation. A few respondents reported to have received training and attended 
a few workshops for working in the CWE. The training was especially related to using 
equipment to facilitate virtual collaboration. The main area of training was to use 
equipment like: soft phones, webcams, and how to use the video screens, as one of the 
respondents mentioned. Not all core CWE members have received this training, since 
there had been a lot of staff changes in that particular time.
5.3.9 Reflection on relationships between variables of research
The functional-based matrix organization of Fynns Oil has several directorates, like the 
Production and Technical Directorate. In turn, these directorates consist of several 
functional departments (disciplines). Staff in the Technical Directorate works for a 
central 'skill pool' and provides services to the Urval cluster. All of these staff members 
report in their functional line. All disciplines physically present in the 'hub' of the CWE 
are part of the Production Directorate, except for the Production Technologist, who is 
part of the Technical Directorate. The CWE of the Urval cluster has a functional 
organization in place.
Cross-functional collaboration between staff members of the surveillance team and 
maintenance team is going well. All respondents argued the cross-functional 
collaboration has improved in the CWE. Many respondents argued the quality of virtual 
collaboration has improved, since working in the CWE.
In general, respondents believed that their technical competencies have not significantly 
changed by working in the CWE. In contrast, several respondents believed 
communication skills of staff have certainly improved by working in the CWE.
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PART II I
ORGANIZATIONAL DESIGN CHALLENGES OF 
CLOSING THE LOOP -  ALIGNING A THEORETICAL 
AND EMPIRICAL PERSPECTIVE
In Part I, the theoretical perspective on Collaborative Work Environments and 
organizational design was dominant. In Part II, we presented our methodology for our 
cases and our empirical results. In this third Part, we will align the theoretical 
perspective of Part I with the empirical perspective of Part II.
Part III is structured as follows: In Chapter 6, we will analyze the results of each of the 
three cases. In addition, a cross-case analysis is made. Chapter 7 provides answers to 
our research questions, theoretical contributions, methodological issues and guidelines 
for the petroleum industry.
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CHAPTER 6
ORGANIZATIONAL DESIGN ANALYSIS
This chapter starts by analyzing the organizational control loop for each of the cases, followed by an analysis of the organizational design effectiveness of the CWE (§6.1 - §6.3). In §6.4, we search for similarities and differences between the 
three cases, in order to answer our fourth central research question: What are the most 
important problems with organizational design effectiveness of Collaborative Work 
Environments in Smart Oil Fields? The discussion of these similarities and differences will 
be organized around several themes.
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Introduction
In Chapter 3, organizational design theories were discussed. In addition, the 
organizational control loop was presented (see §3.1). In Chapter 5, we presented results 
of our three case-studies. Furthermore, we related the process elements to the 
organizational control loop for each of our three research cases. In addition, the 
objectives for implementing the CWE for each of the cases were identified. These 
objectives covered: the quality of cross-functional collaboration (Jaffina Petrol, 
PetroHaya, Fynns Oil), the quality of virtual collaboration (Jaffina Petrol, PetroHaya, 
Fynns Oil) and the quality of decision-making (Jaffina Petrol, Fynns Oil).
In this chapter we analyze the results from the perspective of organizational design 
theories. In §6.1 - §6.3, we will analyze the results at the level of our individual cases. In 
§6.4, three themes are identified for our cross-case analysis.
6.1 Organizational design effectiveness analysis Case A -  Jaffina Petrol
Organizational control loop and Well & Reservoir Management in Jaffina Petrol
The Well & Reservoir Management control loop depends for certain functions on the 
Production Optimization control loop. In fact, two control loops need to be aligned, if 
the organizational control loop is to be fully connected. In the CWE of Jaffina Petrol the 
main faultlines in the organizational control loop are between (a) Execute and Detect 
(which relates to the process element 'Monitor Production and Well Performance'), and 
between; (b) Intervention planning and Execute (which relate to the process elements: 
'Gather Data', and 'Execute Optimization Activities') (see Figure 6.1). Why is it so 
complicated to execute these process elements in Jaffina Petrol?
The first main faultline is between Execute and Detect. One of the Field Management 
Issues (as described in §5.1.4) is the lack of maintenance on wells and facilities, which 
results in unreliable data. Decisions have to be made based on unreliable data (see 
Figure 5.1). The lack of maintenance on wells and facilities results in inadequate 
transition of data into information, which influences the reliability of the data.
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Figure 6.1 - Organizational control loop and Jaffina Petrol POCC Well & Reservoir 
Management
The other main faultline is between (b) Intervention planning and Execute (which relates 
to the process elements: 'Plan Well Work Activities', 'Gather Data' and 'Execute 
Optimization Activities'). Staff argued that within the CWE many opportunities are 
generated and planned for execution. However, few of these opportunities are actually 
executed. For performance of each of the tasks in the process element of 'Execute 
Optimization Activities', several staff members of Operations and Petroleum 
Engineering have to collaborate with each other. Why is the execution of 'Execute 
Optimization Activities' in Jaffina Petrol so complicated? We elaborate on this issue in 
the next section.
Currently, the organizational control loop in Jaffina Petrol does not meet our criteria; in 
order for organizations to be effective, control loops need to be: closed, short and 
integrated (Ten Have, 2008). Due to these main faultlines the organizational control 
loop is not closed. Long control loop times indicate that the organizational control loop 
is not short. In our analysis we focus on the way the organization is designed as a cause 
of not being able to close the organizational control loop as much as possible.
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6.1.1 Organizational design effectiveness objective 1: quality of cross-functional 
collaboration
The implementation of Smart Oil Fields makes sure that wells, facilities, reservoirs and 
pipelines are provided with sensors and control mechanisms that will enable reserves- 
recovery to be maximized and the optimum life control loop realized. With the 
implementation of Smart Oil Fields Technology, the focus of Jaffina Petrol partly shifted 
from the Production Optimization (here referred to as 'medium term') towards Well & 
Reservoir Management (here referred to as 'long term') (see Figure 6.2). In Jaffina 
Petrol, the focus of Petroleum Engineering (in this research: Geology, Reservoir 
Engineering, Production Technology and Petrophysics) is on executing Well & Reservoir 
Management (long term) and secondarily focus on Production Optimization (medium 
term) and Real-Time Operations (short term). Field Operations is primarily focusing on 
Real-Time Operations (short term) and secondary on Production Optimization (medium 
term) and Well & Reservoir Management (long term). Coastal Programming (as part of 
Operations) and Engineering (in this research: Process Engineering) are primarily 
focusing on Production Optimization (medium term) and secondarily on Well & 
Reservoir Management (long term) and Real-Time Operations (short term).
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Short term
Medium term
Long term
Partly shifted focus from Production
Optimization to
Well & Reservoir Managemento Secondary focus of function
Figure 6.2 - Focus of disciplines prior to and after implementation of smart oil fields technology and focus on well & reservoir management2
Short term reflects the 'Real-Time Operations' control loop, Medium term reflects the 'Production Optimization' control loop, and 
Long term reflects the 'Well & Reservoir Management' control loop.
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With the implementation of the CWE, the level of task interdependence intensified. As 
we observed in Chapter 5, tasks interdependence between different disciplines of 
Petroleum Engineering is 'intensive'; team members must diagnose, solve problems, 
and/or collaborate simultaneously as a team to accomplish their task (Bell & Kozlowksi, 
2002: 18-19). In addition, the nature of cross-functional collaboration is perceived as 
'positive' by respondents in Jaffina Petrol (see Figure 5.10). Task interdependence 
between Petroleum Engineering and Operations can be indicated as 'reciprocal', which 
involves two or more subgroups working together on parts of the group task (Liden, 
Wayne & Bradway, 1997: 178). The nature of cross-functional collaboration between 
them was perceived as 'neutral' (containing both components of positive and negative 
collaboration). Task interdependence between Petroleum Engineering and Engineering 
can be indicated as 'reciprocal' task interdependence. The nature of this cross-functional 
collaboration is perceived as 'neutral'. Task interdependence between Operations and 
Engineering can be indicated as 'reciprocal' task interdependence. The nature of this 
cross-functional collaboration is perceived as 'positive'. If we recall Figure 6.2 and add 
the nature of cross-functional collaboration in Jaffina Petrol's Onshore Headquarters, 
the following representation can be made:
Operations
• Programming
Engineering
• Process Engineering
Petroleum Engineering
• Geology
• Reservoir Engineering
• Production Technology
• Petrophysics
Short term
Medium
term
Long term
o
Primary focus of 
function
Secondary focus of 
function
Positive collaboration
Neutral collaboration
Figure 6.3 - Nature of cross-functional collaboration in Jaffina Petrol's Onshore Headquarters
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Figure 6.3 shows that the disciplines in the CWE of Jaffina Petrol are collaborating with 
one another. However, although cross-functional collaboration takes place, these 
disciplines are not goal interdependent (Van Vijfeiken et al., 2002). Operations and 
Engineering' primarily focus on the medium term of the Production Optimization control 
loop, whereas Petroleum Engineering has its primary focus on the long term of the Well 
& Reservoir Management control loop. These differing priorities often conflict with one 
another, as illustrated in Chapter 5. Differing priorities can be a major source of 
disagreement (Proehl, 1996). This source of disagreement becomes most apparent 
while performing tasks in the process element of 'Execute Optimization Activities'. In 
this process element, collaboration between different groups of disciplines is most 
intensive and therefore different priorities between different groups become most 
apparent at this point.
Organizational design and cross-functional collaboration
What has Jaffina Petrol done to facilitate cross-functional collaboration in their CWE, in 
terms of organizational design arrangements?
In terms of horizontal coordination mechanisms, Jaffina Petrol installed two of the most 
complex horizontal coordination mechanisms: an integrator role and the matrix 
organization (Brown, 1999; Galbraith, 1974). The WRM Team Leader is an integrating 
role. In Chapter 5, we found that this WRM Team Leader mainly focuses on the technical 
aspects of the job, and limited time is spent on integrating several disciplines. A problem 
with the WRM Team Leader is that he has no formal authority over any of the staff 
members in the CWE. Although integrators are formally responsible for establishing 
coordination among the functional departments, the integrators lack the formal 
authority over their functional and/or disciplinary colleagues. In terms of vertical 
coordination mechanisms (hierarchy, span of control, and centralization) no adjustments 
have been made to support cross-functional collaboration in Jaffina Petrol.
In addition to the installation of the WRM Team Leader, Jaffina Petrol implemented a 
matrix organization for the CWE (see Figure 5.6). On a daily basis tensions occur 
between process owners and functional heads, according to one of the respondents. In 
addition, there is a continuous struggle between gathering information and continuing 
production. Opinions of technical authority (functional line) often interfere with process 
lines, as another respondent noted. The matrix organization was intended to integrate 
the three different groups of disciplines (Petroleum Engineering, Operations, and 
Engineering), which are primarily focusing on two different terms. Since the WRM Team 
Leader merely has an 'integrator role' without formal authority, the matrix organization 
is leaning more towards the functions, rather than balancing between functions and 
processes. A matrix organization with an emphasis on functional specialization and 
where the functional line predominantly influences decision-making, results in a 
Functional-based matrix organization (Galbraith, 1971) (see Figure 3.15). A functional­
based matrix organization does not facilitate cross-functional collaboration. The 
organizational design of the CWE facilitates executing tasks in functional silos, and 
constrains cross-functional collaboration. Therefore, the organizational design 
constrains integration, by separating staff members of Petroleum Engineering and
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Operations from each other. However, for closing the overall organizational control 
loop, these two control loops (represented in these two groups of disciplines) need to 
be closed. Figure 6.4 provides an overview of the relationship between (a) the focus on 
a control loop of the discipline, and (b) the differentiation of the organizational structure 
(i.e. the organizational location of the discipline).
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Focus on Well & Reservoir Management control loop 
(long term)
Focus on Real-Time 
Operations control 
loop 
(short term)
Focus on Production 
Optimization control 
loop 
(medium term)
Figure 6.4 - Overview of organizational structure CWE with remarks on relationship differentiation and focus of control loops
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6.1.2 Organizational design effectiveness objective 2: quality of virtual collaboration
Virtual collaboration is perceived as the most beneficial part of the CWE. Collaboration 
between Onshore and Offshore staff has improved, according to respondents. Mutual 
understanding and appreciation between Onshore and Offshore has improved. Onshore 
staff temporarily works on the Offshore location, to gain more insights into Offshore 
Operations. Despite a great number of positive results on virtual collaboration in the CWE, 
difficulties in the virtual collaboration continue to exist. Figure 6.5 represents the nature of 
virtual collaboration in Jaffina Petrol between Onshore Headquarters and Offshore Olika-7.
Onshore Headquarters Offshore Olika-7
Positive collaboration 
■ ■ ■ ■ Neutral collaboration
Figure 6.5 - Nature of virtual collaboration in Jaffina Petrol between Onshore Headquarters 
and Offshore Olika-7
The nature of virtual collaboration between Petroleum Engineering and Operations (Field 
Operations) is neutral. As argued in the previous section, these two disciplines are primarily 
focusing on different time control loops with different priorities. This makes them 'not goal 
interdependent' (Van Vijfeiken et al., 2002). Obviously, having different priorities is more 
related towards collaboration across different disciplines (cross-functional collaboration), 
than across geographical distance (virtual collaboration). Surprising seems the 'neutral' 
nature of virtual collaboration between Coastal Programming and Field Operations, since 
both have their primary focus on Operations. From that perspective, these two groups are 
'goal interdependent'. Why is the nature of this collaboration considered 'neutral' and not 
'positive' by the respondents?
Respondents reported having different ideas on how to execute assignments between staff 
members of Coastal Programming (Onshore) and Field Operations (Offshore) are 
complicating the virtual collaboration. What could be an explanation for having different
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ideas between these groups? In Chapter 5, we reported respondents particularly 
emphasized a large gap on the level of technical competencies between Onshore 
Headquarters and Offshore Operations. The level of the taskwork-related competencies 
within Onshore HQ is considered to be high. Taskwork-related competencies within 
Offshore Operations are considered insufficient. The difference in the level of taskwork- 
related competencies between Coastal Programming and Field Operations complicates the 
virtual collaboration between them.
Organizational design and virtual collaboration
What has Jaffina Petrol done to facilitate virtual collaboration in their CWE, in terms of 
organizational design arrangements?
In terms of differentiation, Jaffina Petrol intentionally focused on performing WRM process 
elements in the CWE, as distinct from Operations and Maintenance process elements. 
However, maintenance on facilities and wells is essential for receiving reliable data to 
optimize Well & Reservoir Management (see §5.1.4 & §5.1.5).
In terms of horizontal coordination mechanisms, Jaffina Petrol made a continuous video-link 
between the Onshore Headquarters and Offshore CP-7 to facilitate information-exchange. 
Video-conferencing (or video systems) is the medium, which provides the highest level of 
potential richness of information for virtual collaboration. Videoconferencing supports the 
direct contact between the geographically dispersed members.
Another action taken by Jaffina Petrol to facilitate virtual collaboration was taking the 
Programming Department out of the Operations part (physically, not organizationally) and 
placing them into the CWE. The Programming Department was created to enhance 
communication and coordination between Offshore Field Operations on the one hand and 
Onshore experts on the other hand. This Programming Department acts as an 'integrating 
department'. According to several respondents, the implementation of the Programming 
Department as an integrating department improved the collaboration between the 
locations.
6.1.3 Organizational design effectiveness objective 3: quality of decision-making
Regarding the quality of decision-making, we observed mixed results. Positive results are: 
Decision-making between Onshore and Offshore has qualitatively improved, since decisions 
are made based on more complete information. Despite the fact that decision-making 
between Onshore and Offshore has qualitatively improved, we observed two important 
issues: First, decisions are made based on unreliable data. In Chapter 5, we reported two 
main causes for the unreliable data: (a) in most departments there is a lack of human 
resources to execute frequent well testing; (b) the offshore facilities are very old. As one 
respondent mentioned "Jaffina Petrol has been poor on maintaining these facilities". The 
lack of maintenance on wells and facilities can be referred to as 'defects' (cf. Hines et al.,
2008). This 'defect' complicates decision-making, since staff is not able to see the impact of 
the decisions made, due to not being able to test the sensitivity of well placements with the 
model used. Second, decisions are pushed up to higher hierarchical levels than they should. 
In terms of the organizational location of decision-making, this refers to 'centralization'.
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However, according to one respondent, the introduction of the CWE was an attempt to 
bring the communication and decision-making power to a lower (hierarchical) level in the 
organization (decentralization). Having a CWE in place should have resulted in team 
members from a diversity of functional backgrounds making decisions together successfully.
Organizational design and decision-making
What has Jaffina Petrol done to facilitate decision-making, in terms of organizational design 
arrangements? Let us start by analyzing horizontal coordination mechanisms in the CWE of 
Jaffina Petrol. The possibility of discussing problems and making decisions by using video­
conferencing really improved the quality of decision-making. Videoconferencing is relatively 
high in media richness and in synchronicity (Martins, Gilson & Maynard, 2004; McGrath & 
Hollingshead, 1994). Videoconferencing facilitates direct contact between the 
geographically dispersed members. Apparently, Jaffina Petrol believed that by implementing 
videoconferencing technology, the quality of decision-making would reach the appropriate 
level. Without any adjustments in the organizational design made, in terms of vertical 
coordination mechanisms (hierarchy, span of control and centralization) merely installing 
video-conferencing technology was not sufficient to improve the quality of decision-making 
in the CWE.
In addition, Jaffina Petrol implemented a matrix organization for the CWE. As argued earlier, 
the matrix organization of the CWE in Jaffina Petrol is leaning more towards the functions, 
rather than balancing between functions and processes, which results in a 'functional matrix 
organization'. As a result of the focus on functions (functional grouping) many decisions are 
pushed to higher hierarchical levels, which slows down the process of decision-making. 
Senior management was spending a lot of time dealing with detailed, operational issues and 
did not have enough time for long-term decision-making, as one respondent argued. By 
having a matrix organization in place, senior management should have been freed "from the 
need to become involved in day-to-day operations through the delegation of ongoing 
decision-making, thus giving more time for long range planning" (Knight, 1976: 119). Jaffina 
Petrol has implemented a matrix organization, however, matrix systems to facilitate matrix 
behavior has not been implemented. Therefore, the organization remains functioning as a 
'functional organization'. The emphasis on specialization in the functional organization of 
the CWE pushes the decision-making upwards, since only the top can oversee the inputs 
required for final decisions. The functional line predominantly influences decision-making in 
the CWE of Jaffina Petrol.
Concluding remarks on the organizational design of the CWE in Jaffina Petrol
The 'strategic organization design' (cf. Nadler & Tushman, 1988) of the CWE focuses on 
working in a non-CWE setting. There are no measures for the objectives (improving the 
quality of cross-functional collaboration, virtual collaboration, and decision-making) for the 
CWE in place. Comparison between work results on the one hand, with achieved objective 
measures on the other hand would result in direct insights into the work results to staff. 
Since objective measures for the CWE are lacking, comparison between work results on the 
one hand, with achieved objective measures on the other hand is not possible. As a result of 
lacking objective measures, the 'operational design' of the CWE has no reward systems in
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place for rewarding behavior aiming to improve the quality of cross-functional 
collaboration, virtual collaboration, and decision-making in the CWE.
6.2 Organizational design effectiveness analysis Case B -  PetroHaya
Organizational control loop and Well & Reservoir Management in PetroHaya
In the CWE of PetroHaya the main faultlines in the organizational control loop are between 
(a) Execute and Detect (which relate to the process elements 'Monitor the Production 
System' and 'Support Production Measurement'), and between; (b) Intervention planning 
and Execute (which relate to the process elements 'Align, Plan and Schedule Well Work 
Activities', 'Gather Data', and 'Execute Surveillance Optimization Activities') (see Figure 6.6). 
Why is it so complicated to execute these process elements in PetroHaya?
The process element 'Monitor the Production System' (the first main faultline between 
Execute and Detect) is not the most difficult process element to execute, but it is the one 
where staff has to deal with most uncertainties, as one respondent observed. Uncertainties 
refer to the lack of numbers on the amount of injection (input), reservoir behavior 
(transformation), and production (output) (see Figure 5.14). These uncertainties are caused 
by meters in the field that are not working properly as several respondents observed. 
'Absorption' of data determines to a large extent the completeness of available information 
(Van Amelsvoort, 1992). The lack of maintenance on meters results in not absorbing data. In 
addition, 'coding' within 'Detect' is also problematic in PetroHaya. A result of meters not 
working properly is that it is difficult to accurately measure what is happening inside the 
wells & reservoirs (see §5.2.4). PetroHaya is fully aware of problems with production 
measurement. In an attempt to cope with this issue, PetroHaya dedicated a special WRM 
process element to this, called: 'Support Production Measurement'.
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Figure 6.6 - Organizational control loop and PetroHaya ECC Well & Reservoir Management
The other main faultline is between (b) Intervention planning and Execute (which relate to 
the process elements: 'Align, Plan and Schedule Well Work Activities', 'Gather Data', and 
'Execute Surveillance Optimization Activities'). The most difficult process element is 
'Execute Surveillance Optimization Activities'. For maturing an opportunity and executing it, 
staff depends on many different people for support, according to one respondent. Before 
these optimization activities are executed, staff is dependent on third parties, specialist 
input, and on three to four internal departments, as one respondent illustrated the 
situation. Why is the collaboration between the internal departments so complicated in 
PetroHaya? We elaborate on this issue in the next section.
Currently, the organizational control loop in PetroHaya does not meet the criteria set out by 
theory; in order for organizations to be effective, control loops need to be: closed, short and 
integrated. Due to the faultlines discussed, the organizational control loop is not closed. 
Long control loop times indicate that the organizational control loop is not short. In our 
analysis, we focus on the way the organization is designed as a cause of not being able to 
close the organizational control loop as much as possible.
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6.2.1 Organizational design effectiveness objective 1: quality of cross-functional 
collaboration
To cope with a maturing hydrocarbon portfolio, Well & Reservoir Management became the 
focus of Smart Oil Fields implementation in Hamma/Eskina. With the implementation of 
Smart Oil Fields Technology, therefore, the focus of PetroHaya partly shifted from 
Production Optimization (here referred to as 'medium term') towards Well & Reservoir 
Management (here referred to as 'long term') (see Figure 6.7). In PetroHaya, the focus of 
Petroleum Engineering (in this research: Surveillance Engineering and Petrophysics) and the 
Production Measurement Support Team is on executing Well & Reservoir Management (long 
term) and their secondary focus is on Production Optimization (medium term) and Real­
Time Operations (short term). Coastal Operations is primarily focusing on Production 
Optimization (medium term) and secondarily on Real-Time Operations (short term), and 
Well & Reservoir Management (long term). Field Operations is primarily focusing on Real­
Time Operations (short term), and secondarily on Production Optimization (medium term), 
and Well & Reservoir Management (long term).
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Short term
Medium term
Long term
o
Primary focus of 
function
Secondary focus of 
function
Partly shifted focus from Production
Optimization to
Well & Reservoir Management
Figure 6.7 - Focus of discipline prior to and after implementation of smart oil fields technology and focus on well & reservoir management26
26 Short term reflects the 'Real-Time Operations' control loop, Medium term reflects the 'Production Optimization' control loop, and 
Long term reflects the 'Well & Reservoir Management' control loop.
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With the implementation of the CWE, the level of task interdependence intensified. As 
we observed in Chapter 5, the nature of cross-functional collaboration between all 
different disciplines of Petroleum Engineering was mainly perceived as 'positive' by 
respondents in PetroHaya (see Figure 5.23). Task interdependence between Petroleum 
Engineering and Coastal Operations (i.e. Coastal Programming) can be indicated as 
'reciprocal'. The nature of cross-functional collaboration between them was perceived 
as 'positive'. Task interdependence between Petroleum Engineering and Production 
Measurement Support Team can also be indicated as 'reciprocal'. The nature of this 
cross-functional collaboration was perceived as 'neutral' (containing both components 
of positive and negative collaboration). Task interdependence between Coastal 
Operations and Production Measurement Support Team can also be considered 
'reciprocal'. The nature of the cross-functional collaboration was perceived as 'neutral'. 
If we recall Figure 6.7 and add the nature of cross-functional collaboration in 
PetroHaya's Onshore Red Building, the following representation can be made:
Short term
Medium
term
Long term
o
Primary focus of 
function
Secondary focus of 
function
Positive collaboration
Neutral collaboration
Figure 6.8 - Nature of cross-functional collaboration in PetroHaya's Onshore Red Building
For both the Petroleum Engineering department and the Production Measurement 
department, their mutual task interdependence is perceived as neutral. So, why are 
there difficulties between Petroleum Engineering and the Production Measurement 
Support Team? Both groups of disciplines are focusing on the same goal: to gather as 
much data about reservoirs and wells and that would make them 'goal interdependent'. 
However, the goal of the Production Measurement Support Team has a broader scope,
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compared to the scope of Petroleum Engineering. As one of the respondents noted, the 
responsibilities of the Production Measurement Support Team are quite dispersed. The 
Production Measurement Support Team not only works for the Eskina Cluster, but for all 
four clusters in the North, as one respondent explained. Therefore, Petroleum 
Engineering and the Production Measurement Support Team are 'goal interdependent', 
however, but the scopes of their goals vary: Petroleum Engineering is exclusively 
dedicated to the CWE of the Eskina Cluster, whereas, the Production Measurement 
Support Team covers all the four clusters in North-Haya.
There are contacts between Coastal Operations (i.e. Coastal Programming) and the 
Production Measurement Support Team on an ad-hoc basis. We observed mixed results 
between Coastal Operations and the Production Measurement Support Team. A 
respondent from the Production Measurement Support Team argued the collaboration 
is going well. However, a respondent from the Coastal Programming Department 
perceived the collaboration as neutral. On the one hand, the collaboration is going well, 
on the other hand, sometimes it is difficult to reach agreement, but that is manageable, 
according to one respondent. What are possible explanations for these 'neutral' results 
on collaboration between Coastal Programming Department and Production 
Measurement Support Team? First, as becomes obvious from Figure 6.7, the primary 
focus of both groups is on different time frames: Coastal Operations' (i.e. Coastal 
Programming) primary focus (and therefore their priorities) is on the medium term of 
the Production Optimization control loop, whereas the Production Measurement 
Support Team's primarily focus (and therefore its priorities) is on the long term of Well 
& Reservoir Management control loop. From this perspective, Coastal Operations and 
the Production Measurement Support Team are not goal interdependent. Second, 
another explanation is the variety in scope of the goals. As argued before, Coastal 
Operations and the Production Measurement Support Team are 'goal interdependent', 
however, but the scopes of their goals vary.
Organizational design and cross-functional collaboration
What has PetroHaya done to facilitate cross-functional collaboration in their CWE, in 
terms of organizational design arrangements?
In terms of horizontal coordination mechanisms, PetroHaya installed two horizontal 
coordination mechanisms: an integrator role and the matrix organization. The WRM 
Team Leader is installed for facilitating cross-functional collaboration. The WRM Team 
Leader formally and directly supervises the Petroleum Engineers. In addition, the WRM 
Team Leader serves as an integrator for the other disciplines in the CWE. Several 
respondents of Operations seem to be content with the current reporting lines; they are 
reluctant of the possibility that the WRM Team Leader could have formal authority over 
them. They do not support the possibility that the WRM Team Leader would have 
formal authority over them.
In addition to the installation of the WRM Team Leader, PetroHaya implemented a 
matrix organization for the CWE (see Figure 5.25). In fact, two major challenges are 
present (which corresponds with §2.7) related to the matrix organization in the CWE of 
PetroHaya: First, the matrix organization was intended to integrate the four different
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groups of disciplines (Petroleum Engineering, Operations, Production Measurement 
Support, and Engineering27), which are focusing on three different terms (i.e. control 
loops). Figure 6.9 provides an overview of the relationship between (a) the focus on a 
control loop of the discipline, and (b) the differentiation of the organizational structure 
(i.e. the organizational location of the discipline).
Since the WRM Team Leader merely has an 'integrator role' without formal authority, 
the matrix organization is leaning more towards the functions, rather than balancing 
between functions and processes. Second, the CWE's organizational design is different 
from the overall PetroHaya (Operating Unit) organizational design. The CWE cuts across 
disciplinary boundaries, which conflicts with the functional organization of PetroHaya, 
as one respondent noted. Another respondent concluded that the CWE is a matrix 
organization in a non-matrix environment. On the one hand, higher level management 
(outside the CWE) believes working in CWEs is the way forward for the Operating Unit. 
On the other hand, higher level management believes implementing CWEs doesn't 
require changes in reporting structures. As one of the respondents argued: "You can still 
maintain the functional organization if there are 10 CWEs".
27 Engineering (in our research: Well Services) is discussed in §6.2.2 on the quality of virtual 
collaboration.
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Figure 6.9 - Overview of organizational structure CWE with remarks on relationship differentiation and focus of control loops
211
6.2.2 Organizational design effectiveness objective 2: quality of virtual collaboration
Virtual collaboration in the CWE takes place between the Eskina Main Office (Field 
Operations), Red Building (Surveillance, Optimization and Metering), and the Blue Wing 
(Well Services).
Red Building and Eskina Main Office
We start our analysis by looking at the virtual collaboration between Petroleum Engineering 
(in this research: Surveillance Engineering and Petrophysics) located at the Red Building and 
Field Operations (in this research: Field Programming, Field Operators28), located at the 
Eskina Main Office. Figure 6.10 represents the nature of virtual collaboration in PetroHaya 
between the RED Building and Eskina Main Office, part 1.
Red Building Eskina Main Office
■ ■ ■ ■ Neutral collaboration
Figure 6.10 - Nature of virtual collaboration in PetroHaya between Red Building and Eskina 
Main Office - 1
The collaboration between Coastal Programming and Field Operations (Field Programming 
and Field Operators) is going well, as all respondents indicated. This is not very surprising, 
since both Coastal Programming and Field Operations are part of 'Operations'. Despite the 
fact that they operate with two different time frames (i.e. control loops), operations issues 
always come first, as one respondent argued. From that perspective, both maintaining and 
increasing production is a shared priority. This makes them 'goal interdependent'.
The nature of the collaboration between Petroleum Engineering and Field Operations 
varies. One respondent argued that requests from Petroleum Engineering are followed up
28 Field Technicians are also part of this research. However, for reasons of simplicity, Field 
Technicians are discussed in part 2 of virtual collaboration.
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easily by Field Operations. In case respondents indicated the collaboration as neutral, they 
all gave the same reason: due to constraints in the field, Field Operations cannot always 
execute Petroleum Engineers' requests. Field Programming believed the collaboration has 
improved, since they are in closer contact. Apparently, respondents from Petroleum 
Engineering predominantly perceived the 'nature of virtual collaboration' from the 
perspective of desired nature of collaboration, whereas the respondent from Field 
Programming perceived it from the perspective of the transition from the situation before 
the implementation of the CWE to the current situation. Petroleum Engineering and Field 
Operations are not 'goal interdependent'; since they are focusing on different terms with 
differing priorities (see Figure 6.11). This causes difficulties in the virtual collaboration 
between Petroleum Engineering and Field Operations.
Figure 6.11 represents the nature of virtual collaboration in PetroHaya between Red 
Building and Eskina Main Office, part 2.
Red Building Eskina Main Office
Positive collaboration
■ ■ ■ ■ Neutral collaboration
Figure 6.11 - Nature of virtual collaboration in PetroHaya between Red Building and Eskina 
Main Office - 2
From Production Measurement Support's perspective, the collaboration with Field 
Operations (both with Field Programmers and Field Operations) is going well. At first sight, it 
seems surprising that the virtual collaboration is going well, since they are focusing on 
different time frames. Therefore, staff members from the Production Measurement Support 
Team and Field Operations are not 'goal interdependent'. However, for their daily work, the 
Production Measurement Support Team does not heavily rely on Field Programming, or on 
the Field Operators, but on the Field Technicians. The virtual collaboration with the Field 
Technicians is a bit more difficult. Two possible explanations are: (1) staff members from 
Production Measurement Support and Field Operations are not 'goal interdependent'. Field 
Technicians have got their priorities set by their supervisors, which are often different from 
the priorities the Production Measurement Support Team has, as one respondent argued.
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Field Technicians primarily focus on the short term (Real-Time Operations) (see Figure 6.11). 
For their daily work, their focus is on fixing broken down pumps and com pressors (which is 
required for the short term), rather than maintaining meters (which is required for the long 
term). (2) The lack of human capability (see §5.2.4  Field m anagem ent issues in Eskina). 
There are a few  Instrument Technicians (as part of Field Technicians). However, there are 
only two Metering Technicians (as part of Instrument Technicians) for the whole Eskina 
Cluster, as one respondent observed.
Organizational design and virtual collaboration for Red Building and Eskina M ain Office
W hat has PetroHaya done to facilitate virtual collaboration between the Red Building and 
the Eskina Main Office, in term s of organizational design arrangem ents?
In term s of differentiation, PetroHaya included the Production M easurem ent Support Team  
in the CWE, to cope with the great number of metering issues in the Eskina Cluster. 
However, PetroHaya decided that the Production M easurem ent Support Team 's scope had 
to be on all fou r clusters in North-Haya, rather than focusing exclusively on the Eskina 
Cluster (see our discussion on variety in scope of goals, in the previous section).
In term s of horizontal coordination mechanisms, PetroHaya made a continuous video-link 
between the Red Building and the Eskina Main Office to facilitate direct contact between  
the geographically dispersed members. In addition, PetroHaya set up a biweekly meeting 
between the Petroleum Engineering and Coastal Programming at the Red Building on the 
one hand, with Field Programming and Field Operations at the Eskina Main Office on the 
other hand. The WRM Team Leader (located at the Red Building) leads the discussion 
between the two locations.
Chapter 5 showed that, besides the integration of the CW E by the WRM Team Leader, the 
CWE has an integrating departm ent. The Programming Department was created to enhance 
communication and coordination between the RED Building and the Eskina Main Office. 
Several respondents argued having the Programming Department in the CW E is one of the 
greatest benefits of the CWE, since this is the direct link to the field (location).
Red Building and Blue W ing
W e continue our analysis by focusing on the virtual collaboration between the Red Building 
(here: Petroleum Engineering) and the Blue Wing (here: Well Services).
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Figure 6.12 -  Nature of virtual collaboration in PetroHaya between Red Building and Blue 
Wing
Well Services perceived the collaboration with Petroleum Engineering as going well. Well 
Services receives assignments from the Petroleum Engineers. From the perspective of 
Petroleum Engineering, the nature of the collaboration with Well Services varies. 
Respondents provided two explanations for what they considered rather difficult 
collaboration: (1) Different priorities can make the collaboration sometimes difficult. 
Petroleum Engineering and Well Services are at a general level 'goal interdependent'. 
However, at a m ore detailed level there are indeed differences. Petroleum Engineering's 
scope is the Eskina Cluster, whereas Well Services' scope is all four clusters in North-Haya;
(2) the lack of competency of Well Services' staff. One of the respondents referred to Well 
Services as having non-experienced people. This type of competency relates to our 
'taskwork-related competencies'. Differences in the scope of the goal interdependence and 
differences in the level of taskwork-related competencies complicate the virtual 
collaboration between Petroleum Engineering and Well Services.
Organizational design and virtual collaboration for Red Building and Blue Wing
What has PetroHaya done to facilitate virtual collaboration between the Red Building and 
the Blue Wing, in terms of organizational design arrangements?
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Horizontal coordination mechanisms. Although these two buildings are in very close 
proximity of one another, PetroHaya decided to make a video-link between the Red Building 
and the Blue Wing to facilitate direct contact between the geographically dispersed 
m embers. The team 's level of dispersion is in fact an organizational design (differentiation) 
decision. To make a video-link between the two buildings seem s like a good decision. As 
Lipnack & Stamps (1997) argue "people are not likely to collaborate very often if they are 
more than 50 feet apart" (p. 8). Due to lack of space, it would not have been possible to 
provide workspace to Well Services on the sam e floor in the Red Building. Therefore, Well 
Services would have been located at another floor in the Red Building. This would not be a 
good solution. Siebdrat, Hoegland & Ernst (2009) argue that team' efficiency is lowest with 
m em bers located on different floor in the sam e building.
Concluding rem arks on the organizational design of the CW E in PetroHaya
PetroHaya does not seem to be willing to make any changes in the organizational design, in 
term s of differentiation (except for including the two support team s into the CWE: 
Production M easurem ent Support Team , and Well Services, which are both partly, not fully 
dedicated to the Eskina Cluster) and vertical coordination mechanisms (hierarchy, span of 
control and centralization), to facilitate cross-functional and virtual collaboration. PetroHaya 
seem s to cope with the alignment issues by (a) installing videoconferencing technology to 
facilitate simple horizontal coordination mechanisms (direct contact between locations), and
(b) more complex horizontal coordination mechanisms, like an integrator role, integrating 
departm ent and the matrix organization. By formally installing cross-functional teams, 
PetroHaya would be forced to review its grouping decisions (differentiation) and reporting 
structures (vertical coordination mechanisms). By installing simple as well as complex 
horizontal coordination m echanism s, PetroHaya hopes to keep the organizational design 
unchanged. However, in doing so PetroHaya is not seriously coping with the misalignments 
betw een: (a) the different timeframes o f the control loops required for executing Well & 
Reservoir M anagement successfully, and (b) the different priorities o f the different 
disciplines collaborating with each other in the CWE.
6.3 Organizational design effectiveness analysis Case C -  Central 
Northern North Sea -  Urval
Organizational control loop and Real-Tim e Operations & Production Optim ization in Urval
In the Urval CWE the main faultline in the overall organizational control loop is between  
Execute and D etect (which relate to the process elem ents of 'Platform Operations & 
M aintenance Support -  RTO Troubleshooting' and 'Monitor the Production System & 
Conduct Surveillance') (see Figure 6.13). W hy is it so complicated to execute these process 
elem ents in Urval?
From the perspective of collaboration, respondents believed there are no difficulties in 
executing the process elem ents. However, there are problems with the internal consistency 
of the information (see §5.3.7). Devices don't provide the right data, as a few  respondents 
argued. According to one respondent this could be due to faulty instrumentation or meters. 
As a result of ageing facilities, the Urval cluster faces reliability issues. As one of the
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respondents argued: "There are a lot of reliability issues, especially struggling with getting to 
the root causes of them". In term s of Van Amelsvoort (1992) these reliability issues refer to 
issues with 'coding' (within 'Detect'). The Urval cluster is fully aware of this situation, and 
therefore included representatives of Maintenance and Reliability Engineering as core 
mem bers into the Collaborative Work Environment.
Figure 6.13 represents the organizational control loop for the Urval CWE (with their focus on 
Real-Time Operations and Production Optimization).
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2.0 Conduct 
Analysis / 
Diagnostics
Main faultline in organizational control loop 
Integration of control loops in CW E  
Focus of control loop in CW E
Figure 6.13 -  Organizational control loop and Urval CWE Real-Time Operations and 
Production Optimization29
29 As noted earlier, w e did not represent the Real-Tim e Operations separately, since this control 
loop control loop is fully autom ated. However, for this representation, w e indicate Real-Time 
O perations as being part of 'Execute'.
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Currently, the organizational control loop in Urval does not meet our criteria; in order for 
organizations to be effective, control loops need to be: closed, short and integrated. Due to 
the main faultline (problems with 'coding' in 'Detect'), the organizational control loop is not 
closed. In our analysis we focus on the way the organization is designed as a cause of not 
being able to close the organizational control loop as much as possible.
6.3.1 Organizational design effectiveness objective 1: quality of cross-functional 
collaboration
To cope with the m aintenance & reliability issues, and to use the latest technology to 
improve the way the platform operates, Operations (Real-Time Operations & Production 
Optimization) became the focus of Smart Oil Fields implementation in Urval. By focusing on 
Operations, the Urval cluster aimed to link the control loops of Real-Time Operations (short 
term) with Production Optimization (medium term). Representatives of Operations can be 
divided into two sub-groups: (a) Operations with a primary focus on the short term  (Field 
Operations and Onshore Operations Support), and (b) Operations with a primary focus on 
the medium term  (Coastal Programming, Well Integrity Focal Point and Planning) (see Figure 
6.14). Representatives of the Engineering & M aintenance group (Process Engineering, 
Reliability Engineering and Maintenance) are primarily focusing on the medium term. 
Because of the focus of the CWE on Operations, the tasks of Production Technology (of the 
Petroleum Engineering group) are more oriented towards the medium term, as distinct from  
the long term (which is the case when the CW E focus is on Well & Reservoir Management). 
Figure 6.14 represents the orientation of the disciplines after Smart Oil Fields Technology 
implementation with a focus on Operations.
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Medium term
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Figure 6.14 -  Orientation of discipline after smart oil fields technology implementation with focus on operations3
Short term  reflects the 'Real-Tim e Operations' control loop, Medium term  reflects the 'Production Optim ization' control loop, and 
Long term  reflects the 'Well & Reservoir M anagem ent' control loop.
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With the implementation of the CW E, the level of task interdependence intensified. Task 
interdependence between Operations A (Onshore Operations Support) and Operations B 
(Coastal Programming, Well Integrity Focal Point and Planning) can be indicated as 
'reciprocal'. The nature of cross-functional collaboration between them was perceived as 
'positive' by respondents in Urval. If we recall Figure 6.14 and add the nature of cross­
functional collaboration in the Lannockburn Office, the following representation can be 
made:
Short
term
Medium
term
Long
term
Operations
Coastal 
Programming 
Well Integrity 
Focal Point 
Planning
1 1
Engineering & Petroleum
Maintenance Engineering
• Process
Engineering • Production
• Reliability Technology
Engineering
• Maintenance
Focal Point
Primary focus of
function Positive collaboration
Secondary focus of 
functiono
Figure 6.15 -  Nature of cross-functional collaboration in the Lannockburn Office
Task interdependence between Operations (Onshore Operations Support) and Engineering  
& M aintenance (Process Engineering, Reliability Engineering and M aintenance Focal Point) 
can be indicated as 'intensive'. The nature of cross-functional collaboration between them  
was perceived as 'positive'. Task interdependence between Operations (Coastal 
Programming, Well Integrity Focal Point and Planning) and Engineering & M aintenance  
(Process Engineering, Reliability Engineering and M aintenance Focal Point) can be indicated 
as 'reciprocal'. The nature of cross-functional collaboration between them was perceived as 
'positive'. Task interdependence between Engineering & M aintenance (Process Engineering, 
Reliability Engineering and Maintenance Focal Point) and Petroleum Engineering
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(Production Technology) can be indicated as 'reciprocal'. The nature of cross-functional 
collaboration between them was perceived as 'positive'. Task interdependence between  
Operations (Coastal Programming, Well Integrity Focal Point and Planning) and Petroleum  
Engineering (Production Technology) can be indicated as 'intensive'. The nature of cross­
functional collaboration between them was perceived as 'positive'. At first sight, it seem s 
remarkable that all cross-functional collaboration was perceived as 'positive'. An overall 
explanation could be that all disciplines are 'goal interdependent'. As one of the 
respondents argued "We all integrate well. Everyone is really focused on the platform. 
Everyone is passionate about the platform". In fact, every discipline that is directly involved 
in the CW E (i.e. core members) focuses either on the day-to-day operations (short term: 
Operations) or on production optimization (medium term : Operations, Engineering & 
Maintenance, and Petroleum Engineering). Now that we concluded that the nature of all 
cross-functional collaboration was perceived as 'positive' (because of the common goal), let 
us focus on differences in the intensity of the task interdependencies. It may seem  
remarkable that the task interdependence between Operations (Onshore Operations 
Support) and Engineering & Maintenance was indicated as 'intensive', since they have 
different time horizons, w hereas the task interdependence between Operations (Coastal 
Programming, Well Integrity Focal Point and Planning) and Engineering & M aintenance  
(Process Engineering, Reliability Engineering and Maintenance Focal Point) was indicated as 
'reciprocal'. W hat is our logic behind marking these differences in the intensity of task 
interdependence? Two out of three disciplines of the Engineering & Maintenance group 
(Reliability Engineering & Maintenance Focal Point) intensively collaborate with Onshore 
Operations Support (Operations) to provide support on reliability and m aintenance issues. 
Together with Planning, these disciplines form the 'M aintenance Team' within the Urval 
CW E. As outlined in §5.3.4, reliability and maintenance issues seriously affect the oil & gas 
production of the Urval platform. Intensive collaboration was established by putting these 
disciplines in close proximity of each other.
Organizational design and cross-functional collaboration
W hat has Urval done to facilitate cross-functional collaboration in their CW E, in term s of 
organizational design arrangem ents?
In term s of differentiation, there were no formal organizational design arrangem ents made 
to support the Urval CWE. By studying the organizational structure of both the Technical 
Directorate and Production Directorate (see Figures 5.26a & 5.26b), we observed a one-to- 
one relationship between (a) the focus of a control loop of the discipline, and (b) the 
differentiation of the organizational structure (e.g. organizational location of the discipline). 
Let us recall Figures 5.26a & 5.26b and add our observations.
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Figure 6.16 -  Simplified overview of organizational structure CWE -  Technical Directorate with remarks on relationship differentiation on 
focus of control loop
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Figure 6 .17 -  Simplified overview of organizational structure CWE -  Production Directorate with remarks on relationship differentiation on focus of control 
loop control loops
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In term s of vertical coordination mechanisms, there were no formal organizational design 
arrangem ents made to support the Urval CWE.
In term s of horizontal coordination mechanisms, Urval uses two of the most simple 
horizontal coordination m echanism s: direct contact and liaison roles. By having direct 
contact, managers of diverse groups can meet informally to coordinate their activities and 
discuss their common problems. In the CWE, there is a structured 15-minutes meeting 
onshore every morning, regarding the operations issues of the Urval platform. All staff 
working in the Urval cluster gets informed about the status and actions taken. The Urval 
platform itself is not directly involved in this meeting. In addition to the structured morning 
meetings, there are ad-hoc meetings, when issues arise and direct contact is needed, 
according to one respondent. Direct contact prevents senior management to become 
overloaded with issues that can be resolved by affected managers at lower organizational 
levels by having informal contacts. The fact that representatives of several disciplines are 
physically located in the 'hub' (core area) of the CWE, really improved the cross-functional 
collaboration. As one of the respondents pointed out: "Before the CWE was setup, people 
from different disciplines were sitting in different buildings, or in the same building but on 
different floors".
In situations where two or more groups are involved in intensive problem-solving situations, 
the assignment of certain people who act as liaison roles can be required. Another 
requirement for establishing liaison roles can be the increased need for communication  
among groups. The Onshore Operations Support has taken up a liaison role between the 
Surveillance Team and the M aintenance Team. However, a principal problem with 
integration across groups is that the person who acts as the liaison role has no formal 
authority over another person of another group or departm ent. So far, the integration 
between the disciplines seem s to be going well.
In Chapter 5, we showed the CW E has two team s (consisting of staff of different disciplines) 
that are collaborating with each other: the Surveillance team and the Maintenance team . In 
term s of formal design arrangem ents, these two team s have not been formally established. 
However, its m em bers in the CW E experience the sense of being part of one of the two 
'teams'. In fact, these team s can be referred to as 'informal team s'.
6.3.2 Organizational design effectiveness objective 2: quality of virtual collaboration
Virtual collaboration in the CW E takes place between the Lannockburn Office (Operations, 
Engineering & Maintenance, and Petroleum Engineering) and the Urval platform (Field 
Operations). We start our analysis by looking at the virtual collaboration between  
Operations onshore (Lannockburn Office) and Operations offshore (Urval platform) (see 
Figure 6.18).
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Figure 6.18 -  Nature of virtual collaboration in Urval between Lannockburn Office and 
Urval Platform -  1
The collaboration between Operations onshore and (Field) Operations offshore is going well 
as most respondents mentioned. This is not very surprising, since both are part of 
'Operations'. Despite the fact that they operate on two different time horizons (i.e. control 
loops), maintaining and increasing production is a shared priority. This makes them 'goal 
interdependent'. However, finding the balance between maintaining (Real-Time Operations) 
and increasing (Production Optimization) seem s the reason for the slightly more difficult 
virtual collaboration. There are som etim es different opinions about what the priorities are 
and the sequence of executing them. However, these are not major issues, according to the 
respondent.
We continue our analysis by looking at the virtual collaboration between Engineering & 
M aintenance and Petroleum Engineering (Lannockburn Office) and (Field) Operations 
offshore (Urval platform) (see Figure 6.19).
The collaboration between Engineering & M aintenance and Field Operations is going well, 
except for the collaboration between Reliability Engineering and Field Operations. From  
observing Figure 6.19, it could easily be argued that the reason is that both disciplines are 
focusing on different time horizons (i.e. control loops). However, the argumentation was 
that Field Operations' workload and physical location makes it more challenging to 
collaborate with them.
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Figure 6.19 -  Nature of virtual collaboration in Urval between Lannockburn Office and 
Urval Platform -  2
Organizational design and virtual collaboration
W hat has Urval done to facilitate virtual collaboration in their CW E, in term s of 
organizational design arrangem ents?
In term s of differentiation and vertical coordination mechanisms, there were no formal 
organizational design arrangem ents made to support the Urval CWE.
In term s of horizontal coordination mechanisms, the Urval cluster installed a continuous 
video-link between the Lannockburn Office and the Urval platform to facilitate direct contact 
between the geographically dispersed members. After the CW E was installed, facial 
expressions are visible for geographically dispersed members (which was not the case before 
the implementation of the CWE), which really improved the virtual collaboration, as several 
respondents argued. As one the respondents illustrated it: "When you talk to them, and it is 
almost like you talk to them face-to-face, it is very difficult to doubt som eone's intentions 
when you see them". This direct contact between the onshore and offshore locations takes 
place in (1) three structured surveillance meetings a week, and (2) ad-hoc meetings, when 
issues arise and direct contact is needed. In addition to the main liaison role (Onshore 
Operations Support), Coastal Programming (i.e. Production Programming) acts as a liaison (in 
term s of a CW E champion) as well. Coastal Programming chairs the surveillance meetings 
between onshore and offshore. However, fulfilling a liaison role is not a formal performance 
goal.
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6.3.3 Organizational design effectiveness objective 3: quality of decision-making
Regarding the quality of decision-making, we observed mixed opinions, both about the 
quality itself and about reasons for improvement. First, a few  respondents believed the 
quality of decision-making has improved. As one of the respondents argued: "Just by 
working in the team, we can brainstorm a lot better when we are all together, and can come 
up with possible solutions". This respondent refers to the improved quality of the decision - 
making process, rather than to an improved quality of decisions made. Second, respondents 
pointed out that there are other factors besides the CWE influencing the quality of decisions, 
like Smart Oil Fields or Exception Based Surveillance. Third, respondents pointed out that the 
work that is being done has not changed. In fact, in term s of the organizational location of 
decision-making, decisions are still made by discipline heads; outside the CWE. From the 
perspective of the CWE, there is still 'centralization', which "concerns the dispersion of 
authority in the organization.
Organizational design and decision-m aking
W hat has the Urval Cluster done to facilitate decision-making in their CW E, in term s of 
organizational design arrangem ents?
In term s of differentiation and vertical coordination mechanisms, there were no formal 
organizational design arrangem ents made to support the Urval CWE. As we saw in Chapter
5, the organizational structure is functionally differentiated. Organizational differentiation 
has implications for organizational decision-making. As Lorsch (1977: 10) argues, "the more 
differentiation, the more varied the viewpoints of the units involved in decision". Because no 
changes were made in the way the organization is differentiated, the allocation of authority 
(vertical coordination mechanism) also remained the same. As a result, the quality of 
decision-making has remained the same as before the implementation of the CWE.
Concluding rem arks on the organizational design of the CW E in Urval
Currently, the functional matrix organization of the Operating Unit influences the functional 
organization of the CWE, because staff members from different disciplines provide services 
to the Urval Cluster. The matrix organization is prone to conflicts, because of its dual lines of 
authority. The issue is not w hether there are conflicts in the functional matrix organization, 
but which formal arrangem ents the organization has made to deal with these conflicting 
priorities?
So, why are respondents so enthusiastic about working in the CW E, given the fact that the 
Urval Cluster has made limited formal arrangem ents for the CW E? An important factor is the 
decision to focus on Operations (Real-Time Operations & Production Optimization control 
loops) for the CW E. As a result, the disciplines are 'goal interdependent', since they are 
focusing on supporting the Urval platform. In fact, out of the 11 core CW E members (8 
onshore & 3 offshore), only one core m em ber is not organizationally part of Operations or 
Engineering & M aintenance, but focusing on Operations as part of Petroleum Engineering. 
Because of the focus on Operations, only a limited num ber of people needed to be included 
in the CW E; in evitably the core members' primary focus on the Real-Time Operations & 
Production Optimization control loops. In addition to the 'goal interdependency', (b) the 
small number of core members did not require complex horizontal coordination 
mechanisms. It appears, then, that focusing on Operations in the CW E is much easier than 
focusing on Well & Reservoir Management, because of the organizational design challenges.
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Because of the fact that (a) the overall goals are aligned (focusing on supporting the Urval 
platform) and (b) a small number of core members was included, so far, the organization 
was not forced to make complicated formal structural arrangements.
However, because of the transition '09 (see §5.3 .4  Field m anagem ent issues in Urval) human 
resources are engaged to either (i) work for both the platform and the discipline, or (ii) work 
for two platforms. Several respondents argued that they have too much work to do, for 
either (a) the platform and the discipline, or (b) to two platforms, which indicates 'role 
overload'. Due to the increasingly scarcity of human resources, we expect an increasing 
competition between functional managers and process managers for control over the same 
resources. Because of the scarcity of the human resources available, disciplines will become 
more focused on achieving their disciplinary goals over the contribution to the platform. As 
Nadler & Tushman (1988: 104) put it "individuals pay attention to those dimensions on 
which they are evaluated". Performance goals are related to contributions in the discipline 
line. In the functional organization, there is an emphasis on functional (sub) goals. So, in fact, 
there is a contradiction between contributing to the process (support the execution of day- 
to-day operations & production optimization) and being measured by the contribution to 
the work of their discipline, for five out of the eight core members. However, in some cases, 
there is indeed a one-to-one relationship between the contribution and the performance 
goals & measurements, like the Production Programmer. Since the organizational design has 
not changed, the measurement goals & processes remain solely related to the disciplines in 
the formal (functional) organization.
6.4 Cross-case analysis
In previous sections we analyzed each case individually. In this section we make a cross-case 
analysis. In §6.4.1, similarities and differences in organizational control loops and its 
faultlines between the cases are explored. In §6.4.2, an overview of the effectiveness of the 
organizational design of the three cases is provided. Finally, in §6.4.3, we summarize our 
cross-case patterns. These cross-case patterns are further discussed in terms of a number of 
themes in §6.4.4.
6.4.1 Organizational control loop
Each of the case analyses started by exploring the faultlines in the organizational control 
loop. In this section, we provide an overview of similarities and differences in the location of 
the faultlines in these organizational control loops. Figure 6.20 provides a cross-case analysis 
of the organizational control loops and faultlines.
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Figure 6.20 -  Cross-case analysis of organizational control loops and faultlines
Figure 6.20 shows that in fact one faultline (between Detect and Execute) applies to all of our 
three research cases. A possible explanation is that all three locations have 'brownfields' and 
related to that are having difficulties with 'ageing wells & facilities' (see Chapter 5). The 
faultlines in the Well & Reservoir M anagement control loop ((between (1) D etect and 
Evaluate and Adjust, and (2) Evaluate and Adjust and Judge)) are caused by unreliable data 
entering the organizational control loop as a result of the difficulties with 'ageing wells & 
facilities' (technical factors). Well & Reservoir Management heavily relies on reliable data for 
making adequate decisions between Intervention planning and Execute, most problems 
occur, as a result of collaboration with many different parties and having to deal with 
differing priorities. In fact, this faultline appears to be mostly related to organizational 
design.
The next section discusses the organizational control loops and the related disciplines.
6.4.2 Organizational design objectives
This section starts by providing a table with the focus of the CWE, time horizons, and 
dominant disciplines in the CW E. In addition, we attach scores for the effectiveness in 
achieving the organizational design objectives.
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Case
Topic Jaffina Petrol PetroHaya Fynns Oil Urval
Focus of CWE Well & Reservoir Well & Reservoir Real-Time Operations &
Management Management Production Optimization
Focus of terms Long term Long term Short term
Dominant discipline 
in CWE
Petroleum Engineering Petroleum Engineering Operations
Organizational
design objectives
1. Quality of cross­
functional 
collaboration
2. Quality of virtual 
collaboration
3. Quality of 
decision-making
+/-
+/-
+/-
+/-
+/-
n.e.
+
+
+/-
+ Good quality level +/- Average quality level n.e. Not an Effectiveness objective for the case 
Table 6.1 -  Cross-case comparison on background and organizational design objectives of cases
Table 6.1 shows the transition of changing from the past (before CW E implementation) to 
the current situation (after CW E implementation) for the organizational design objectives. In 
all our three research cases, respondents argued that by implementing the CWE, the quality 
of cross-functional collaboration, virtual collaboration and decision-making (except for 
PetroHaya, which did not formulate this objective) has improved. However, the extent to 
which the situation has changed varies among the cases. We discuss these similarities and 
differences between the cases in term s of dominant them es (in §6.4.4).
6.4.3 Cross-case patterns
In our cross-case analysis several cross-case patterns are observed:
(a) Differences in focus o f the CW E determ ine the number of staff m em bers and the variety  
of functional backgrounds included in the CW E;
(b) There is a disconnection between the objectives of Smart Oil Fields implementation and 
perform ance m anagem ent fo r  the individuals involved;
(c) goal interdependence between disciplines as an important indicator for effective cross­
functional collaboration;
(d) CW Es are often perceived as solely a technological solution;
(e) Problems with 'data reliability' entering the organizational control loop result in difficult 
collaboration between staff members involved in the CWE.
We will further elaborate on these cross-case patterns in this section.
In Chapter 4, the design sequence model according to sociotechnical system s theory was 
presented. We will use this model to frame the discussion of our cross-case patterns. The 
building blocks (strategic positioning, structure, and systems) of the design sequence model 
can be directly related to our them es. Figure 6.21 represents the design sequence model and 
them es.
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Figure 6.21 -  Design sequence model and themes (based on Van Amelsvoort, 1999)
Them e 1: Structure follow s strategy
All of the oil fields in our cases were in the maturation stage (stage 3) of the 'field production 
life cycle' (brownfields). As oil fields mature, costs are increasing for producing a barrel of oil 
(Gazi et al., 1995). High investments in technology are required at the maturation stage 
(Morris & Lafitte, 1991). In cases A and B, the Operating Unit decided to focus investment on 
Well & Reservoir M anagem ent, by integrating the Production Optimization and Well & 
Reservoir M anagem ent control loops. In term s of Jansen et al. (2005), we refer to this as 
'Reservoir management' (see Chapter 2). Therefore, their objectives for Smart Oil Fields 
Technology were to combine: production increase (%) with recovery factor increase (%) (see 
Figure 3.4). In case C, the Operating Unit decided to focus on Operations, by integrating the 
Real-Time Operations and Production Optimization control loops. In term s of Jansen et al. 
(2005), we refer to this as 'Production management' (see Chapter 2). Their objectives for 
Smart Oil Fields Technology w ere to combine: cost reduction (%) with production increase 
(%) (see Figure 3.4).
In all three cases, CW Es were related to the investment in Smart Oil Field Technology. The 
differences in strategic objectives had important consequences for the number of persons 
and the number of functions present in the CW E. Few er persons and functions needed to be 
involved when only Production M anagement objectives were set. In all of our cases, 
Operating Units focused on improving the quality of cross-functional collaboration, virtual 
collaboration and decision-making (except for case B, which did not focus on decision­
making). Thus, the objectives for the CW E did not differ between the cases, but the different
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overall objectives resulted in differences in the extent to which objectives could be achieved. 
In addition, the strategic positioning of the Operating Unit (in term s of ownership) also 
played an important role. Figure 6.22 illustrates our findings in this regard. W e conclude:
In situations where the objectives o f the CW E (as part o f investm ent in 
Sm art Oil Fields) include short/medium term objectives as well as long­
term objectives and where local ownership structures are complex, CWEs 
cannot be expected to be very effective without considerable attention  
to the design o f the organization.
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Figure 6.22 -  Possible factors causing variety among organizational structures of cases
This finding is closely related to our observation that there is a disconnection between the 
objectives of the CW E and the performance management of individual members of the CWE. 
Because the persistence of overall functional structures and the lack of hierarchical power of 
CW E Team managers (see below), individual members tend to focus on the functional 
performance goals set by the functional manager. As such, this does not have to be a 
problem, but in the case of complex situations (combining short-term and long-term  
perspectives and complex ownership), the effectiveness of CW Es appears to be 
correspondingly limited. It could be questioned w hether CW Es are considered as being (a) 
organizations to achieve certain objectives, or (b) the implementation itself is considered as 
the objective. In this respect, Scott & Davis (2007) refer to organizations as 'rational systems' 
versus 'natural systems'. From a rational system perspective, organizations are oriented to 
pursuit relatively specific goals, w hereas from a natural system perspective, organizations 
consists of participants who "are pursuing multiple interests, both disparate and common, 
but who recognize the value of perpetuating the organization as an important resource" 
(Scott & Davis, 2007: 32). Since CW Es are not focusing on realizing their specific goals (i.e. 
objectives), it appears that CW Es are considered as contexts for participants pursuing 
multiple interests. In term s of Scott & Davis (2007) CW Es are considered as 'natural 
systems'.
We conclude:
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A (further) alignment between individual perform ance m easures and the 
objectives o f the CW E is necessary to enhance the effectiveness o f any 
CW E design.
This conclusion brings us immediately to the second them e of sociotechnical system s design 
theory.
Them e 2: Design of the control structure follow  design of the production structure
Cross-functional collaboration in Collaborative Work Environments can be referred to as a 
'double-edged sword': the benefits of having diverse functional backgrounds are also its 
challenges (Uhl-Bien & Graen, 1998). In accordance with W ebber (2002: 202), we perceive 
three unique challenges for cross-functional collaboration in the CW Es: First, cross­
functional structures present challenges for m em bers who must collaborate with each other 
(i.e. task interdependent), but have different goals. As argued earlier, Operations' and 
Petroleum Engineering disciplines are not 'goal interdependent'. The tendency of the 
upstream petroleum industry to highly differentiate the production structure  at the macro  
level, has the result that the Operations' and Petroleum Engineering' disciplines come 
together only at the macro level of the control structure. W ithout changes in the macro  
production structure of the Operating Unit, difficulties will occur with the integration of 
these two groups at the micro level of the control structure  in the CW E. Because of the way 
of differentiating the macro production structure, the strongest linkages are within the 
subunits (intra-unit collaboration) and w eaker linkages between  the subunits (inter-unit 
collaboration). In the CW Es, cross-functional collaboration has been intensified, towards 
reciprocal or intensive collaboration. Therefore, the linkages between the subunits at the 
micro level of the organization have become stronger. However, the overall organizational 
structure has remained unchanged. This leads to difficulties in the collaboration between  
persons coming from different functional departm ents. Second, additional challenges arise if 
members work in several team s at the sam e time. In the case of Fynns Oil, several members 
were dispersed among different asset team s. Third, cross-functional structures have 
members reporting to a functional head and a process leader, which violates the structural 
rule of a single line of authority. The Fynns Oil did not have to deal with this coordination 
problem, since their focus of CW E was on Operations, and therefore all power was located 
on the Operations side of the organization. Jaffina Petrol and PetroHaya installed complex 
horizontal coordination m echanism s into their control structure: integrator roles, integrating 
departm ents, and matrix organizations as ways of dealing with the 
differentiation/coordination problem between Operations and Petroleum Engineering 
departm ents. As we observed earlier, these integrator roles lack formal authority over staff 
of the other departm ent. In the cases of Jaffina Petrol and PetroHaya, the organizations 
appointed the WRM Team Leader to integrate several disciplines in the CW E at the micro 
level of the organization. In addition to his lack of formal authority over Operations' staff, 
this person was perceived as representing the Petroleum Engineering discipline (because he 
was organizationally located there, see Figures 5.6 & 5.22) by the Operations' discipline. 
Without making any judgments whether the WRM Team Leader is indeed biased or not, the 
person fulfilling the integrator role is perceived as being biased by Operations' staff. As a 
result of (a) the lack of formal authority and (b) the problem of the perceived 'bias' of the 
WRM Team Leader, the matrix organization in both cases was leaning more towards 
functions, rather than balancing between functions and processes. Functional-based matrix
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organizations are in place in both cases for the CWE. As mentioned earlier, the em phasis on 
functions is reinforced by having performance m easures in place for the contribution of 
work towards functions.
Figure 6.23 represents cross-functional collaboration and goal interdependence in the 
Collaborative W ork Environments of the three cases. The figure shows two disciplines 
(Operations and Petroleum Engineering) with a few functions within these disciplines. The 
Operations' discipline primarily focuses on goals related to the Real-Time Operations and 
Production Optimization control loops. The Petroleum Engineering discipline primarily 
focuses on goals related to the Well & Reservoir M anagem ent control loop. By implementing 
a CWE, cross-functional collaboration intensified at the micro level, but the overall 
production structure remained unchanged and the control structure continued to follow the 
pre-existing production structure. As a consequence, each function continues to focus on 
achieving its own functional goal, rather than trying to achieve common CW E goals (goal 
interdependence). Goal interdependence, however, appears to be an important 
precondition for an effective functioning of the CWE.
We come to the following conclusion:
If an Operating Unit focuses on the long term control loop, more 
functions will be affected than if it focuses on short term and the control 
structure o f the organization will require additional and complex 
coordination m echanism s in order to accom m odate different functional 
goals and different timeframes.
In the past, Operating Units in our research cases had 'Asset-based organizations' (i.e. 
process-based organizations) in place (see §5.1.6, §5.2.6, §5.3.6). Referring to Figure 3.15, 
Operating Units changed, on the continuum of organization' objectives related to types of 
organizational design, from a 'Process-based organization' (with a focus on executing 
processes) to a 'Functional organization' or 'Functional based matrix organization' (with a 
focus on developing functional specialization). In order to improve the technical quality of 
work, Operating Units switched to a 'Functional organization', or 'Functional based matrix 
organization'. When CW Es were installed, a process dimension was introduced based on 
'process elem ents of control loops', while the functional dimension is based on existing 
functional specialization. In fact, there is almost a one-to-one relationship between the 
process elem ents and the functional dimension of the CW E focus: when focusing on the 
Real-Time Operations control loop, functions of Field Operations are predominantly present, 
w hereas for the Production Optimization control loop, functions of Production Programming 
are predominantly present, and for the Well & Reservoir M anagem ent control loop, 
functions of Petroleum Engineering are predominantly present. Figure 6.24 visualizes the 
relationship between the two dimensions.
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Two factors are remarkable regarding the switch between types of organizational design by 
the Operating Units. First, considering the objectives of the CW E (i.e. improving the quality 
of cross-functional collaboration, virtual collaboration, and decision-making), it is surprising 
that the organizational design of CW Es is leaning more towards functions (Functional based 
matrix organization or Functional organization), than balancing between functions and 
processes (Mature matrix organization), or even leaning more towards processes (Process- 
based matrix organization or Process-based organization). Several authors (Ähström, 1998; 
Anand & Daft, 2007; Armistead & Rowland, 1996; Duncan, 1979; Galbraith, 1971, 1973; 
Hagist, 1994; Treat et al., 1994) advocate having a process-based organization in place in 
order to facilitate cross-functional collaboration. So, one may well wonder why the 
upstream petroleum industry is reluctant to put a process-based organization, or process- 
based matrix organization in place for the CWE. Second, because of the absence of dual 
system s for accounting/budgeting, control, roles, evaluation and rewards along both 
dimensions of the matrix, the organization cannot structure and internalize the multiple and 
conflicting priorities. The lack of indicators for both dimensions results in: (a) conflicting 
priorities between the functional and process lines, resulting in an ongoing struggle; (b) role 
overload, because individuals simply have too many dem ands placed on them ; (c) role 
ambiguity, because expectations are unclear. Therefore, we conclude:
As long as the petroleum industry continues to perceive the functional
organization as the best organizational design fo r  Collaborative Work
Environments, its full potential o f CWEs will not be realized.
Them e 3: Choice of system s follow s the structural design of the organization
The implementation of Smart Oil Fields shows similarities to the implementation of 
enterprise resource planning (ERP) systems. An enterprise resource planning system is a 
company-wide information system that integrates processes and information flows of 
functional areas within the organization to improve organizational performance. Enterprise 
resource planning system s are perceived by organizations as a dream that com es true 
(Davenport, 1998). Researchers and practitioners of ERP system s have reported several
Process 
elements 
of control 
loops
(A) = Field Operations (1) = Real-Time Operations control loop
(B) = Production Programming (2) = Production Optimization control loop
(C) = Petroleum Engineering (3) = Well & Reservoir Management control loop
236
drivers for the introduction of ERP. They distinguish between: technological drivers, 
operational drivers, and organizational drivers. The drivers for the introduction of Smart Oil 
Fields technology and subsequently CWEs can be considered along the same lines.
Technological drivers. On the one hand, the implementation of Smart Oil Fields 
Technology needs to replace and integrate older disparate systems (see the example of the 
'organic growth of the production system' in Jaffina Petrol), and improve data quality. On 
the other hand, it needs to support achieving the operational drivers.
Operational drivers. Operational drivers for ERP implementation are 'quantitative 
benefits', like reduction of personnel, increased productivity and reduction in IT and 
procurement costs. Related to Smart Oil Fields, these 'quantitative benefits' (i.e. goals) are 
formulated by each of the Operating Units in our cases: (a) Costs reduction (%); (b) 
production increase (%), and; (c) recovery factor increase (%).
Organizational drivers. Organizational drivers for ERP implementation are translated into 
'qualitative benefits', like improved business processes and higher quality decision making. 
Regarding Collaborative Work Environments in Smart Oil Fields, their benefits are also 
categorized as 'qualitative benefits', as we saw in earlier chapters. The objectives 'quality of 
cross-functional collaboration, virtual collaboration, and decision-making' fall into this 
category. However, their greatest benefit is probably the business integration at the micro 
level of the organization, in contrast to its functional differentiation at the macro level. 
Despite this potential benefit, performance on the objectives to realize business integration 
is not part of the performance appraisal and rewarding system for staff involved in the CWE. 
Performance management in this type of context needs to embody both the 'quantitative' 
and 'qualitative' benefits to realize business integration (Al-Mashari, Al-Mudimigh & Zairi, 
2003). In the case of Smart Oil Fields implementation, petroleum companies first 
implemented the technology (production systems and information systems), which resulted 
in organizational design challenges, contrary to the design sequence rule developed by 
sociotechnical systems theory. In the literature the phenomenon of first implementing the 
technology, followed by organizational changes if referred to as 'technological determinism' 
(cf. Kuipers & Van Amelsvoort, 2002). Figure 6.25 represents 'technological determinism' 
(Ten Have, 2008).
Figure 6.25 -  Technological determinism (Ten Have, 2008)
As a consequence of technological determinism, many managers continue to perceive the 
installation of CWEs as primarily a technological challenge. However, as Davenport (1998: 
130) puts it perfectly: "computer systems alone don't change organizational behavior". We 
conclude:
Technology
Strategy Perform ance
W ork
237
As long as the petroleum industry continues to perceive Collaborative Work 
Environments mainly or primarily as a technological solution, its 
organizational coordination problem s will not be resolved.
Sum m ary Chapter 6
• Individual cases were analyzed by the CW E effectiveness objectives: the quality of 
cross-functional collaboration (Jaffina Petrol, PetroHaya, Fynns Oil), the quality of 
virtual collaboration (Jaffina Petrol, PetroHaya, Fynns Oil) and the quality of decision­
making (Jaffina Petrol, Fynns Oil);
• In our cross-case analysis several cross-case patterns were observed:
(a) Differences in focus of the CW E determ ine the number of staff members and the 
variety of functional backgrounds included in the CW E; (b) There is a disconnection  
between the objectives of Smart Oil Fields implementation and performance 
management for the individuals involved; (c) goal interdependence between  
disciplines as an important indicator for effective cross-functional collaboration; (d) 
CW Es are often perceived as mainly or primarily a technological solution; (e) 
problems with 'data reliability' entering the organizational control loop, result in 
difficult collaboration between staff members involved in the CWE;
• These cross-case patterns were discussed in term s of three them es (based on the 
design sequence model): (1) Structure follows strategy; (2) Design of the control 
structure follows design of the production structure, and; (3) Choice of systems 
follows the structural design of the organization.
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CHAPTER 7
DISCUSSION & CONCLUSIONS
This chapter starts with a discussion of the answers we found to the research questions in §7.1. §7 .2  discusses our theoretical contributions to sociotechnical systems theory and virtual teams theory. In §7.3, we address methodological issues with regard to the 
case study design, data collection, and data analysis. Guidelines for the petroleum industry 
with regard to the organizational design of CWEs are provided in §7.4.
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7.1 Answers to the research questions
In our research, we investigated the organizational design challenges of Collaborative Work 
Environments in Smart Oil Fields. W e formulated the research objective as "To provide the 
petroleum industry with guidelines for the organizational design of the Collaborative Work 
Environments, in support of the operation of Smart Oil Fields". To be able to achieve our 
research objective, we formulated four central research questions (see Chapter 1). In this 
section we provide answers to the central research questions.
Im portant objectives
Organizational design can motivate, facilitate, or constrain behavior of staff in organizations 
(Nadler & Tushm an, 1988). Therefore, changes in organizational design can help to deal with 
the challenge of changing staff's behavior and to effectively integrate people across 
disciplinary boundaries (Lameda & Van den Berg, 2009). Which organizational design is most 
effective in which situation depends on the objectives as formulated by the organization 
(Collier, 1992). Therefore, the first central research question was formulated as follows:
1. What are the most important objectives for Collaborative Work Environments in 
Smart Oil Fields?
As a result of conducting informal interviews and workshops with internal staff of Shell and 
external consultants in the upstream petroleum industry, three objectives for CW Es in 
Smart Oil Fields could be identified as the most important: improving the quality of cross­
functional collaboration, improving virtual collaboration, and improving decision-making.
Theoretical guidelines
Having insights into the objectives of CW Es, we searched the literature for an answ er to our 
second central research question. This second central research question was formulated as 
follows:
2. Which guidelines do theories of organizational design & change provide for the 
organizational design of Collaborative Work Environments in Smart Oil Fields?
W e identified two fields of theory as particularly relevant for providing an answer to this 
second central research question. First, we relied on the modern sociotechnical systems 
approach within the field of organizational design theory (De Sitter, 1998; Kuipers & Van 
Amelsvoort, 2002; Van Amelsvoort 1992) to inform our analysis of the relations between 
organizational structure and technical systems. The system s perspective made it relatively 
easy to bring the technical perspective of ISAPP (technical control loop) together with an 
organizational perspective (organizational control loop). In addition, because of its design- 
oriented nature, modern STS provided design sequence rules to cope with the 
organizational design challenges for CW Es in Smart Oil Fields. The sequence of strategic 
positioning, production and control structure, and information structure were useful 
guidelines for our 'solution concept' (see §4.1). Second, we made use of the literature on
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virtual teams to collect insights into the specific requirements for organizing virtual 
collaboration in organizations. During our literature review, we encountered limited 
guidelines for the organizational design of virtual collaboration. In general, virtual teams 
theory is still theoretical and conceptual in nature, as we concluded in Chapter 3. We will 
return to this issue in §7 .2 .
The third central research question was formulated to gain insights into the problems 
related to the current organizational design of Collaborative Work Environments. This third 
central research question was formulated as follows:
3. Which problems are currently experienced with regard to the effectiveness of 
Collaborative Work Environments in Smart Oil Fields?
Organizational structure o f the operating unit
Smart Oil Fields work practices are largely determined at the production location level 
(Operating Unit), since these are the autonomous organizational bodies of most upstream 
petroleum companies (CERA, 2006). Collaborative Work Environments do not cover the 
Operating Unit as a whole, but are a part of the Operating Unit. Therefore insights were 
needed into the organizational structure of the Operating Unit. In relation to the third 
central research question, several sub-research questions were formulated:
3a) What are the currently present organizational structures of the Operating Units?
At the end of the 1990s/beginning of the 2000s, Operating Units in our research cases had 
'Asset-based organizations' (i.e. process-based organizations) in place (see §5.1.6, §5.2.6, 
§5.3.6). Since then, however, they have changed from a 'Process-based organization' (with a 
focus on executing processes) to a 'Functional organization' or 'Functional-based matrix 
organization' (with a focus on developing functional specialization). This change was 
motivated by concerns about the technical quality of work. In the process-based 
organization no one is specifically responsible for long-turn technical skill development, 
whereas the functional organization tends to support in-depth skill development to a much 
higher degree. In fact, the organizational structures of the Operating Units in cases A and B 
had an emphasis on functional organization, yet also showed characteristics of a process- 
based organization. In case C, the organizational structure of the Operating Unit was 
functional.
As for the CWE, a process dimension was introduced in its structure, based on 'process 
elements of control loops', but the functional lines of the Operating Unit remained 
predominant in determining reporting lines. Jaffina Petrol and PetroHaya installed complex 
horizontal coordination mechanisms (integrator roles, integrating departments and matrix 
organizations) in order to facilitate communications between personnel from the functional 
Operations and Petroleum Engineering departments. In a more limited setting, Fynns Oil 
dealt with this coordination problem by using direct contact (mutual adjustment).
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Task characteristics o f work in the collaborative work environment
The implementation of Smart Oil Fields changes the way people work. In the fram ework of 
introducing Smart Oil Fields, all three companies had carried out an analysis of the work 
done in the asset. The analysis was done in term s of business processes. These processes 
are sequences of steps, series of actions, or standard methods of operating. They have clear 
inputs and outputs, and prescribe a specific ordering of activities. Business processes can be 
considered at different levels. Overall, the production of oil and gas can be considered as a 
single business process for an asset. At lower levels of aggregation, more detailed business 
processes can be distinguished. W e made use of the material produced in the work analysis 
that the com panies had carried out and focused on the business process at the lowest level: 
at the level of task characteristics.
3b) What are the task characteristics of work in Collaborative Work 
Environments in Smart Oil Fields?
W e focused on task complexity and task interdependence as critical task characteristics. As 
for task complexity, we distinguished three forms: (a) the amount of information involved in 
a task; (b) the internal consistency of this information; and (c) the variability and diversity of 
information. Regarding the amount of information involved in a task, a high volume of 
information goes through the team  and executing the tasks is time-consuming. Regarding 
the internal consistency of the information, respondents of all three locations reported that 
devices don't provide the right data. A consequence is that it becomes more difficult to 
understand the behavior of the reservoir. Quality of decision-making will of course be 
influenced by unreliable data. Variability and diversity of information were also high due to 
the use of different com puter programs and formats, and a great variety of activities, like 
fixing broken down pumps, com pressors, coolers, and separators.
For task interdependence, we distinguished between: (a) cross-functional collaboration and 
virtual collaboration, and; (b) short-term and long-term objectives (related to the control 
loops). The effectiveness of cross-functional collaboration and virtual collaboration  
depended on the tim efram e of the objectives. Cross-functional collaboration and virtual 
collaboration was going well, when all staff m em bers in the CW E were focusing on achieving 
short-term objectives (i.e. aligning the Real-Time Operations and Production Optimization 
control loops). If staff m em bers in the CWE were focusing on aligning short-term (i.e. 
aligning the Real-Time Operations and Production Optimization control loops) with long­
term objectives (i.e. the Well & Reservoir M anagem ent control loop), difficulties in 
collaboration between staff members became apparent.
Com petencies in the collaborative work environm ent
It was important to find out w hether staff in the organization had the com petencies 
required to work in a m anner consistent with the goals envisaged for the CWE. In order to 
gain insights into the current level of com petencies of staff, the following sub-research  
question was formulated:
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3c) What are the current competencies of staff in Collaborative Work 
Environments in Smart Oil Fields?
We used the basic distinction by Hertel, Konradt & Voss (2006) between competencies for 
cross-functional teams (taskwork-related and teamwork-related competencies), and 
competencies for virtual teams (telecooperation-related competencies). In cases A and B, 
respondents emphasized a large gap in the level of taskwork-related (i.e. technical) 
competencies between staff located at the collaboration center and staff at the production 
location. Taskwork-related competencies at the collaboration center were considered of a 
high level, whereas at the production location they were seen as insufficient. This large gap 
in taskwork-related competencies between staff located at the two different locations was 
considered as an obstacle for effective collaboration in the CWE. In case C, a large gap in 
taskwork-related competencies between the two locations was not reported. In general, 
respondents believed teamwork-related competencies had improved by working in the 
CWE. Being in close proximity of each other, made discussing issues and making decisions in 
the CWE easier than before the CWE.
Referring to competencies for virtual collaboration, face-to-face contact (by using 
videoconferencing) resulted in more accountability between geographically dispersed 
members. Before using videoconferencing, CWE members were not able to see each other's 
facial expressions. By observing one's facial expression trust between these members 
increased.
M ost important problems
In order to develop the guidelines for organizational design of CWEs in Smart Oil Fields, 
research was conducted at three different Operating Units (three different cases) of Shell. 
The fourth central research question was formulated as follows:
4. What are the most important problems with organizational design effectiveness of 
Collaborative Work Environments in Smart Oil Fields?
We used the design sequence model to frame the discussion of our cross-case patterns. The 
building blocks (strategic positioning, structure, and systems) of the design sequence model 
were related to our themes: (1) Structure follows strategy; (2) design of the control 
structure follows design of the production structure, and; (3) Choice of systems follows the 
structural design of the organization.
Them e 1: Structure follow s strategy
In the upstream petroleum industry there is ongoing debate whether the most value of 
Smart Oil Fields implementation lies in greenfield or brownfield assets (cf. Feineman, 2009; 
Robson, 2004) and on which of the control loops (cf. Philips et al., 2007). So far, most 
petroleum companies started to implement Smart Oil Fields concepts into their brownfield 
assets, focusing on Well & Reservoir Management. As earlier argued, the business case for 
large investment in brownfield assets is not always clear (Gerrard, McCabe & Beck, 2010). 
All of the oil fields in our cases were at the maturation stage (stage 3) of the 'field
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production life cycle' (brownfields). As oil fields mature, costs are increasing for producing a 
barrel of oil (Gazi et al., 1995). High investments in technology are required at the 
maturation stage (Morris & Lafitte, 1991). The lack of m aintenance on wells & facilities was 
reported regularly, as a cause that devices don't provide the right data. A consequence is 
that it becom es more difficult to understand the behavior of the reservoir, as several 
respondents noted. In cases A and B, the Operating Unit decided to focus on Well & 
Reservoir Management, by integrating the Production Optimization and Well & Reservoir 
Management control loops. In case C, the Operating Unit decided to focus on Operations, by 
integrating the Real-Time Operations and Production Optimization control loops. Regarding 
CWE objectives; in all of our cases, Operating Units decided to focus on to improve: the 
quality of cross-functional collaboration, virtual collaboration and decision-making (except 
for case B, which did not focus on decision-making). In our case study research, we did not 
observe direct links between the objectives of Smart Oil Fields implementation on the one 
hand, and its organizational arrangem ents (structure) on the other. In Chapter 6, we 
concluded:
(1) In situations where the objectives of the CWE (as part of investment in Smart Oil Fields) 
include short/medium term objectives as well as long-term objectives and where local 
ownership structures are complex, CW Es cannot be expected to be very effective 
without considerable attention to the design of the organization;
(2) A (further) alignment between individual performance m easures and the objectives of 
the CW E is necessary to enhance the effectiveness of any CW E design.
Them e 2: Design of control structure follow s design of the production structure
Today, most petroleum com panies have functional reporting lines in place (Chapman & 
Forbes, 2010), which constrain cross-functional collaborative behavior. Every functional 
departm ent is trying to achieve its own functional goal (goal differentiation). Current 
performance appraisal appears not to reward cross-functional collaborative behavior in 
Smart Oil Fields (Lameda & Van den Berg, 2009). In the upstream petroleum industry there  
is a deeply rooted belief that by adopting a new way of working in the CW E, a petroleum  
company rarely needs to restructure its organization by simply bringing together the roles 
and functions as a CWE team  (cf. Vindasius, 2008). As Vindasius (2008: 8) argues: "While 
role responsibilities may need to be modified or people's location moved, individuals can 
usually continue to report to their functional or discipline manager". In our cases, we found 
empirical support for this deeply rooted belief. The tendency of the upstream petroleum  
industry to highly differentiate the production structure  at the macro level, results that the 
Operations' and Petroleum Engineering' disciplines integrate at the macro level of the 
control structure. W ithout changing the production structure  of the Operating Unit, 
difficulties occur with the integration of these two groups at the micro level of the control 
structure  in the CWE. By implementing the CWE, cross-functional collaboration has been 
intensified, towards reciprocal or intensive collaboration. Therefore, the linkages between  
the subunits at the micro level of the organization have become stronger. However, the way 
of organizational differentiation (production structure) has remained unchanged. As we 
noted earlier, the CWE that focuses on Operations (Case C) was not obliged to make 
organizational design changes to make the CWE work. It could integrate the Real-Time
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Operations and Production Optimization control loops with each other, since staff 
responsible for executing tasks in these control loops is organizationally part of Operations. 
For CW Es focusing on Well & Reservoir M anagem ent, organizational design changes were 
required (as we observed in Cases A and B), in term s of implementing integrator roles & 
departm ents, and matrix organizations. In Chapter 6, we concluded:
(3) If an Operating Unit focuses on the long-term control loop, more functions will be 
affected than if it focuses on short term  and the control structure of the organization 
will require additional and complex coordination m echanism s in order to accom modate 
different functional goals and different tim efram es;
(4) As long as the petroleum industry continues to perceive the functional organization as 
the best organizational design for Collaborative Work Environments, its full potential of 
CW Es will not be realized.
Them e 3: Choice of system s follow s the structural design of the organization
The concept of Smart Oil Fields has matured significantly over the last decade (Adefulu, 
2010; Crompton & Gilman, 2010), however, the journey of maturation of Smart Oil Fields 
takes longer than expected (Crompton & Gilman, 2010). Regarding Smart Oil Fields 
Technology, its implementation remains challenging since new technology is implemented 
in old infrastructure of mature oil fields (brownfields) in all of our three cases. Another 
challenge of the technology implementation is that the upstream petroleum industry is 
considered as a slow adopter of new technology (Crompton & Gilman, 2010), and is lagging 
behind to other industries (Goode, 2005). Unique characteristics of the upstream petroleum  
industry makes comparison with other industries difficult (Goode, 2005), like high levels of 
uncertainty and risk (Baddour, 1997; Gallun et al., 2001; Ross, 2004) (see §2.1). 
Implementation of Smart Oil Fields Technology in our cases had clear objectives for its 
contribution to the asset performance (related to the three control loops): (a) Real-Time 
Operations: aiming for cost reduction (%); (b) Production Optimization: aiming for 
production increase (%), and; (c) Well and Reservoir Management: aiming for recovery 
increase (%).
In case of Smart Oil Fields implementation, petroleum com panies first implemented the 
technology (production system s and information systems), which resulted in organizational 
design challenges. This sequence is in contrary to the design sequence model, according to 
the sociotechnical system s theory. CERA (2010: 12) argues that "Successfully deploying 
technology in a single upstream oil and gas asset is great, but it doesn't move the needle in 
term s of overall corporate performance". To deal with these challenges, having people 
sitting in close proximity of each other is believed to solve these organizational design 
challenges. By simply providing communication tools (for example video-conferencing) 
without making organizational changes, many managers continue to perceive the 
installation of CW Es as primarily a technological challenge. In Chapter 6, we concluded:
(5) As long as the petroleum industry continues to perceive Collaborative Work 
Environments mainly or primarily as a technological solution, its organizational 
coordination problems will not be resolved.
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7.2 Theoretical contributions
In Chapters 3 and 4, we discussed sociotechnical system s theory and virtual team s theory. In 
this section, we discuss our theoretical contributions to these two theories.
Sociotechnical system s theory
In §7.1, we referred to two approaches of STS: (a) Analytical approach, and (b) design 
approach. In this section, we elaborate on the design approach. In turn, we further 
differentiate the design approach into the design sequence rules, and differentiating into 
homogeneous stream s. Our research contribution is related to the idea of differentiating 
into homogeneous streams.
Often, the sociotechnical system s theory suggests that the production process can be 
differentiated into homogeneous stream s, referred to as 'parallelization' (cf. De Sitter, 1998; 
Kuipers & Van Amelsvoort, 2002). As a result, a process-based organization with clear 
homogeneous inputs, stream s, and outputs would occur (see Figure 3.8). In Chapter 2, we 
argued that because of its unique characteristics (high levels of uncertainty & risk) the 
upstream petroleum industry is considered as one of the most knowledge-intensive 
industries (Bartram & W ood, 2009). From a STS perspective, these high levels of uncertainty 
& risk can rather easily be reduced by differentiating the oil production process into 
homogeneous stream s. However, as argued in Chapters 2 & 3, "the [material] input into the 
[technical] system is only known to a limited extent" (Jansen et al., 2009: 2). Therefore, this 
heterogeneous input, because it is only known to a limited extent, remains difficult to 
differentiate into homogeneous inputs, stream s and outputs. As we showed in our research, 
the control loops are all highly interrelated, and cannot be separated easily from one 
another. Our research contributes to the sociotechnical system s theory by exploring 
possibilities for having a process-orientation within upstream petroleum companies, in a 
situation where these com panies also require maintaining a functional orientation. In 
particular, aligning opposing goals related to the different control loops (which are strongly 
related to different disciplines) is challenging for providing organizational design guidelines.
Virtual team s theory
In general, virtual team s theory is still theoretical and conceptual in nature, as we argued in 
Chapter 3. W e discuss our contribution to the virtual team s theory in term s of three 
theoretical and methodological issues, which we identified in Chapter 3.
Assumption that traditional face-to-face teams outperform virtual teams. The majority of 
virtual team s theory com pares virtual team s with traditional face-to-face team s (Piccoli, 
Powell & Ives, 2004). Several studies have found collaboration between geographically 
dispersed m em bers is more difficult than with collocated m em bers (Siebdrat, Hoegland & 
Ernst, 2009). Based on their results, Siebdrat, Hoegland & Ernst (2009) conclude that virtual 
team s can outperform their collocated counterparts. Based on our empirical results, we 
tend to believe that (a) goal interdependence, and; (b) level of com petencies in different 
locations are more important than geographical dispersion as such. For example, Field 
Operations (at the production location) and Programming (at the collaboration center) in 
general collaborated well with each other. Main reason is that they are both part of the
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Operations' discipline, and therefore their goals were aligned. However, Field Operations (at 
the production location) and Petroleum Engineering (at the collaboration center) did not 
collaborate well. Main reasons were that they were having differing goals, and their 
differences in levels of com petencies. Our research contributed by showing that goal 
interdependence and levels of com petencies of staff are more important than the issue 
w hether members are geographically dispersed or in close proximity of each other.
Lack o f empirical research on organizational design o f virtual teams. A lot of work 
remains to be done on organizational design and management of virtual team s (Martins, 
Gilson & Maynard, 2004). Systematic insight into organizational design of effective virtual 
team s is highly desirable (Verburg & Bosch-Sijtsema, 2007). Our research shows that no real 
structural arrangem ents have been made by petroleum com panies to facilitate virtual 
collaboration. Direct contact between geographically dispersed was the most frequently  
used coordination mechanism. Daily structured meetings have improved the virtual 
collaboration. Outside the structured meetings, unstructured direct contact between staff in 
the CW E is more problematic. Initiatives and responsibilities for coordination by direct 
contact depend on individuals.
Great variation in research design and context. A general problem with comparing and 
aggregating findings from the research on virtual team s is the great variation in research  
design and context (Munkvold & Zigurs, 2007). De Leede et al. (2008) argue that most 
literature on virtual team s is still conceptual, not empirical. Even if there is empirical 
literature, it is mostly based on case studies of (MBA) students in a quasi-experimental 
setting. Our research was conducted in a production setting (field setting). W e used the 
case-study research design to collect data by using following methods: interviews, 
observation and document analysis. The case-study research design allowed us to in-depth 
study the phenomenon of 'organizational design in virtual work environments' in a 'field 
setting', as opposed to a 'laboratory setting'.
7.3 Methodological issues
In Chapter 4 we presented our research design. In this section we discuss methodological 
issues arising from our case studies with regard to design, data collection, and data analysis.
Case study design
Case study research appeared to be an appropriate research design for this study. For 
example, case study research allows the researcher to in-depth study the phenomenon in its 
natural context by using multiple methods of data collection to gather information from one 
or more entities (Benbasat, Goldstein & Mead, 1987). In this research, a Collaborative Work 
Environment in a Smart Oil Field (social phenomenon) at an Operating Unit of an upstream  
petroleum company (context) was considered as a 'case'. Our case study research included 
three cases of Shell organizations. Multiple cases have higher external validity compared to 
single cases (Eisenhardt & Graebner, 2007; Voss, Tsikriktsis & Frohlich, 2002). Although Shell 
is considered as an early adopter of the CW E concept in the upstream petroleum industry 
(Vindasius, 2008), a limitation of our case study design is that we were not able to include 
Operating Units of other upstream petroleum companies. Our informants at Shell
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Headquarters, as well as representatives of TNO, approached several other upstream  
petroleum com panies to participate in our research. However, all com panies refused 
permission to access their Operating Units for data collection. As a result, it is difficult to 
generalize our findings from one upstream petroleum company (Shell) to the upstream  
petroleum industry as a whole. This limits the external validity of our study. On the other 
hand, Shell has a decentralized organizational structure (cf. Grant & Cibin, 1996), which 
provided room for variety between the cases. Two of the Operating Units (cases A and B) 
consisted of joint ventures between Shell and a national state-owned oil company, which 
led to specific requirements concerning the use of local human resources. From that 
perspective the specific company is less relevant than the context of ownership and the 
focus of CWE.
Data collection
Including multiple data collection methods is typical for case study research (Benbasat, 
Goldstein & Mead, 1987). The use of different methods of data collection, to study the same 
phenomenon, is referred to as 'triangulation' (Voss, Tsikriktsis & Frohlich, 2002). 
Triangulation is a well-known procedure for verification of the data quality (W ester, 1987). 
In our case study research we used three different methods of data collection: interviews, 
document analysis, and observation. The interview is considered as one of the most 
important sources of case study information (Yin, 2003), which also applied to our research. 
Unfortunately, we could only interview personnel working in the collaboration centers, i.e. 
the onshore part of the CWE. W e could not talk to people working at the production 
locations (onshore or offshore). Limited time available of Field Operations' staff, and safety 
& housing restrictions at the production locations, made it impossible to gather data at the 
production locations of the Operating Units. CERA (2006) argues that the implementation of 
Smart Oil Fields places different demands on the upstream company's technical staff (e.g., 
geologists, geophysicists, reservoir engineers, production engineers) and is by far more 
challenging for them than it is for operations personnel. After having conducted our 
empirical research, we tend to disagree with CERA's statem ent and regret we haven't been 
able to talk to production staff. As we earlier argued, successful execution of tasks in any of 
the control loop cycles depends on Field Operations' staff in the Real-Time Operations 
control loop.
Data analysis
Analyzing data in case study research is one of the most difficult aspects of conducting case 
studies (Eisenhardt, 1989; Yin, 2003). In accordance with Eisenhardt (1989) our data analysis 
consisted of two steps: analyzing data within each case, and searching for cross-case 
patterns (cross-case analysis). To analyze the pattern of data within cases, we started by 
coding the data. First, fragments of data were coded according to the dimensions of our 
variables of research. Second, new codes were created for fragments of data that did not fit 
the dimensions of our variables of research. For verifying the quality of the interpretations, 
we used the procedure of 'm em ber checks'. Interpretations of the interviewer are returned 
to the interviewees for verification (W ester, 1987). A limitation of our data analysis is that 
we did not let fellow-researchers verify our way of coding data. The phenomenon of
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verification of interpretations by fellow-researchers is referred to as 'peer debriefing' (cf. 
Boeije, 2005; Braster, 2000; W ester, 1987). Peer debriefing of our coded data did not occur, 
mainly because we considered the lack of contextual background information among our 
fellow-researchers would not add much to the validity of their verification. However, other 
'peers' (m em bers of an expert panel) did discuss our individual case-analyses, which 
contributed to the internal validity of our research. Internal validity is related to being able 
to determ ine causal relationships between theoretical concepts within the empirical field 
(Braster, 2000). In term s of a panel, peer debriefing can be considered as a specific form of 
'researcher-triangulation' (Boeije, 2005).
Directions fo r  further research
A direction for further research is to include a sample with two types of Operating Units: (a) 
Two Operating Units with a joint venture structure, and (b) two Operating Units which have 
one full owner. Within each of these two types of Operating Units, one CW E should focus on 
Operations (by integrating the Real-Time Operations and Production Optimization control 
loops), and one should focus on Well & Reservoir Management (by integrating the 
Production Optimization and Well & Reservoir Management control loops). The influence of 
the CW E focus on organizational structure could be measured that way. Further research 
should include both perspectives of staff located at the collaboration center (onshore) and 
at the production location (onshore or offshore).
7.4 Guidelines for the petroleum industry
In Chapter 6, our three dominant them es were introduced. In this section, the guidelines for 
the petroleum industry (in accordance with the three them es) are discussed.
Them e 1: Structure follow s strategy
Formulation of specific strategic and performance goals is considered to be the first step for 
implementing Smart Oil Fields (Moisés, Rolim & Formigli, 2008). To gain more performance 
improvement value out of the CW E, it requires to be tailored to the specific strategic and 
performance goals of each Operating Unit or asset of petroleum com panies (Vindasius, 
2008) for Smart Oil Fields. Operating Units require a paradigm shift from a natural systems 
perspective towards a rational system s perspective on CW Es. Specific business goals need to 
be formulated and pursuit. In accordance with the previously, we formulate our general 
design guideline as follows:
(1) Formulate specific business goals (asset perform ance) fo r  Sm art Oil Fields 
and define implications fo r  structures & system s in the organization.
Figure 7.1 represents the relationship between the strategic objectives of Smart Oil Fields 
and organizational structure.
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Smart Oil Fields Technology objectives:
(a) Cost reduction (%)
(b) Production increase (%)
(c) Recovery factor increase (%)
Strategic objectives:
Collaborative Work Environments objectives:
• Quality of cross-functional collaboration V
• Quality of virtual collaboration
• Quality of decision-making
Figure 7.1 -  Strategic objectives of smart oil fields and
When focusing on 'Production Operations' (aiming for cost reduction and production 
increase) a simple production and control structure can be in place. When focusing on 'Well 
& Reservoir Management' (aiming for recovery factor increase) a complex production and 
control structure needs to be in place. We elaborate on this issue in the next theme.
Which organizational structure is most effective with regard to the strategic objectives?
The Field production life cycle was presented in Chapter 2 (see Figure 2.1). In Chapter 3, an 
overview of organization's objectives related to types of organizational design was provided 
(see Figure 3.17). In addition, in one of our case-studies, a respondent suggested a 
relationship between the level of field maturity and type of organizational structure 
preferred (see Figure 5.31). By combining these three figures, the following representation 
can be made (Figure 7.2).
Uncertainty about reservoir behavior is the highest in the early field production life (Aziz et 
al., 2009). In-depth knowledge development enables the Operating Unit to gain insights into 
reservoir behavior. In-depth knowledge development is facilitated best by the functional 
organization (cf. Duncan, 1979; Galbraith, 1971; Uhl-Bien & Graen, 1998). A process 
structural overlay can facilitate integration between the functional departments, resulting in 
a functional-based matrix organization. A (CWE) project leader is responsible for the 
integration between the functional departments. Given the nature of field development, 
this (CWE) project leader will be of the Petroleum Engineering department. Once the field is 
developed, production (primary production) starts to increase, while the level of uncertainty 
in the oil field slowly starts to decrease (Field production growth), as we observed in 
Chapter 2. Operating the oil field becomes more of a routine; since much already has been 
learned about the reservoir behavior (therefore uncertainty has been reduced). These 
routines can be increasingly captured in well-defined processes. Slowly, the emphasis shifts 
from functional-based organizing (knowledge development) towards process-based 
organizing (capturing learning into processes). In this stage in the field production life cycle, 
the CWE leader will probably be a representative of the Operations department.
organizational structure
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î
Level of oil 
field 
production
Functional 
based matrix 
organization
Mature matrix 
organization
Process-based matrix 
organization
Process-
based
organization
Greenfield
Level of maturity of field
Brownfield
I
I
Level of oil 
field 
uncertainty
I
I
I
T
Time
1 Field production life cycle
(1) Field production developm ent (field development); (2) Field production growth
(primary production); (3) Field production maturity (secondary and tertiary production);
(4) Field production decline (abandonment)
Figure 7.2 -  Field production life cycle and types of organizational design
Our second design guideline is formulated as follows:
(2) Adapt the organizational structure to each stage in the field production life 
cycle.
Them e 2: Design of the control structure follow s design of the production structure
Earlier, we argued that integrating the Real-Time Operations and Production Optimization 
control loops caused least organizational design challenges, and in accordance required the 
least complex horizontal coordination mechanisms. It is therefore recom m endable to start 
by integrating control loops for the short and medium term s, followed by the integration of 
the control loops with the medium and long terms. This is referred to as adopting a 'bottom- 
up approach' (De Sitter, Den Hertog & Dankbaar, 1997). We formulate our third design 
guideline accordingly:
(3) Start with the short-term control loop and over time integrate longer term  
control loops in the activities o f the CWE.
In §3.1 we presented the four control loops as distinguished by the upstream petroleum  
industry (see Figure 3.2). The longer the tim efram e of the control loops, the more goals of 
different disciplines differ (i.e. differentiation of goal interdependence). W hen we add our 
third design guideline to Figure 3.2, the following representation can be made:
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Increasing differentiation of 
goal interdependence
(1) Integration of Real-Time Operations and Production Optimization control loops;
(2) Integration of Production Optimization and Well & Reservoir Managem ent control loops (note that 
Real-Time Operations partly needs to be included as well);
(3) Integration of Well & Reservoir M anagem ent and Field Development Planning control loops (note 
that Real-Time Operations and Production Optimization partly need to be included as well).
Figure 7.3 -  Design guideline for the integration of control loops in the design of the CWE
Organization types
In the 1970s, the petroleum industry adopted the matrix organization (Treat et al., 1994), 
which has currently regained interest. After having switched between different types of 
organization, the upstream petroleum industry perceives the matrix organization to be the 
best answer to meet both functional and process dem ands. The matrix organization 
attem pts to achieve the benefits of both the functional and process-based organization 
(Galbraith, 1971). Despite being attractive on paper, the matrix organization is hard to 
manage (Nadler & Tushm an, 1997), as we observed in two of our cases (cases A and B).
To make matrix organizations more effective, several approaches are suggested in the 
literature (Galbraith, 2009; Knight, 1976). Two of these approaches are: (1) Careful 
definition of organizational roles and responsibilities, and; (2) Creation of appropriate 
management system s to support the matrix organization (Galbraith, 2009; Knight, 1976).
Careful definition o f organizational roles and responsibilities. The lack of clarity on roles 
and responsibilities is one of the underlying reasons for conflicts in the matrix organization 
(Galbraith, 2009; Goold & Campbell, 2003). A typical formulation of roles in the matrix 
organization is that the process m anager decides what should be done, when and at what 
cost, while the functional m anager decides who should do it and how  (Knight, 1976: 127). In 
a CW E with a focus on Well & Reservoir Management, the W RM  Team Leader decides then
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what should be done, when and at what cost, while the functional managers of the 
disciplines decide who should do it and how. After the organizational structure has been 
designed and people have been given their new roles, a process of defining roles and 
responsibilities begins. A useful tool for implementing matrix organizations is the 
responsibility chart (Galbraith, 2009). Figure 7.4 provides an example of a responsibility 
chart in the upstream petroleum industry.
R = Responsible I = Inform
A = Approve X = No Formal Role
C = Consult
Figure 7.4 -  An example of a responsibility chart in the upstream petroleum industry
The roles are represented in the (vertical) columns. The key decisions executed by these 
roles are represented as (horizontal) rows (cf. Galbraith, 2009). An (R) is given for a person 
who is responsible for making a decision. If a person must approve a decision, it is given an 
(A). An (C) is provided in case mutual agreem ent between two persons needs to be 
established. If a person needs to be informed, an (I) is given. People who have no formal 
role with regard to the decision (to be made), an (X) is provided (Galbraith, 2009).
Creation o f appropriate m anagem ent system s to support the matrix organization. The 
lack of having dual systems for accounting/budgeting, control, roles, evaluation and rewards 
(Knight, 1976; Kolodny, 1979; Lawrence, Kolodny & Davis, 1977; Nadler & Tushm an, 1997) in 
place, results in a matrix organization that cannot structure and internalize the multiple and 
conflicting priorities (Knight, 1976). For example, a formal reward system must refer to two 
com ponents: (1) the types of performance that are required to facilitate the strategy and 
the behaviors underlying that performance, and (2) the performance management system  
process that generates this information to measure these behaviors (Galbraith, 2009: 191).
In Figure 7.2, we presented the field production life cycle with different types of 
organizational design. For each of these organizational design types suggestions have been 
made regarding the system s to be used in support of the organization (see Figure 7.5).
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Organization types
Management
systems
Functional based  
matrix organization
M ature matrix 
organization
Process-based
matrix
organization
Process-based
organization
Design
emphasis
Structure Structure & 
behavior
Behavior & 
structure
Behavior
Goals Functional subgoal 
(primarily) and 
processes subgoal 
(secondary) emphasis
Emphasis on 
function/process
Processes subgoal 
(primarily) and 
functional subgoal 
(secondary) 
emphasis
Special process 
emphasis 
(technologies lag)
Influence Functional heads 
(primarily) and matrix 
manager (secondary)
Matrix manager 
and functional 
heads
Matrix manager 
(primarily) and 
functional heads 
(secondary)
Process heads
Promotion By function or into 
matrix manager job
By function or into 
matrix manager 
job
By function or into 
matrix manager 
job
By process 
management
Budgeting By function or 
department 
(primarily) and by 
matrix organization 
process (secondary)
By matrix
organization
process
By matrix 
organization 
process (primarily) 
and by function or 
department 
(secondary)
By process
Rewards By special functional 
skills (primarily) and 
performance in 
matrix (secondary)
By special 
functional skills 
and performance 
in matrix
By performance in 
matrix (primarily) 
and special 
functional skills 
(secondary)
For integrative 
capability
Competencies
required
Taskwork-related Taskwork- and 
Teamwork-related
Teamwork- and 
Taskwork-related
Teamwork-
related
Figure 7.5 -  Appropriate management systems for different organization types 
(based on Duncan, 1979; Galbraith, 1971; Kolodny, 1979)
W e formulate our fourth design guideline as follows:
(4) M ake the matrix organization m ore effective by (a) carefully defining 
organizational roles & responsibilities, and (b) creating appropriate 
m anagem ent system s to support this type o f organization.
Them e 3: Choice of system s follow s the structural design of the organization
ERP system s were believed to realize business integration in organizations. By having these 
information system s in place, it was assumed that communication and information sharing 
between em ployees would have been sufficient for improved collaboration. However, 
without organizing who needs to talk to who (structure) about what (goals), working with 
these ERP systems solely provides more information, but does not really improve the 
collaboration. Integration between technology (ERP systems) and organization (structure) 
seem ed to be lacking. Likewise is the case with CW Es. In Chapter 6, we argued that by 
simply providing communication tools (for example video-conferencing) without making
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organizational changes, many managers continue to perceive the installation of CW Es as 
primarily a technological challenge. In Smart Oil Fields, first the technology was 
implemented, resulting in organizational design challenges, as we argued in Chapter 6. 
Integration of technology and work is necessary to make Smart Oil Fields (of which CW Es 
are part of) successful. Figure 7.6 represents the integration of technology and work (Ten 
Have, 2008).
Figure 7.6 -  Integration of technology and work (Ten Have, 2008)
In Chapter 1, we defined a 'Collaborative Work Environment' as: A forum , which is 
specifically created to integrate people, processes, technology and facility fo r  improved  
cross-functional and virtual collaboration, learning and high quality decision-making. This 
integration of people, processes, technology, facility and organizational structure  is required 
for achieving the business goals of the CW E, rather than sharing information between the 
field office and the collaboration center.
In accordance with the previously, we formulate our fifth design guideline as follows:
(5) First define the strategy and design the organization, then integrate the 
organization, technology and work.
Sum m ary Chapter 7
• Based on the three them es, following design guidelines were formulated:
1) Formulate specific business goals (asset performance) for Smart Oil 
Fields and define implications for structures & system s in the 
organization;
2) Adapt the organizational structure to each stage in the field production 
life cycle;
3) Start with the short-term control loop and over time integrate longer 
term control loops in the activities of the CW E;
4) Make the matrix organization more effective by (a) carefully defining 
organizational roles & responsibilities, and (b) creating appropriate 
management system s to support this type of organization;
5) First define the strategy and design the organization, then integrate the 
organization, technology and work.
Technology
Strategy  ^ ► Organization Perform ance
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APPENDIX 
Interview guide Collaborative Work Environments
1. Background
A. Job title
B. Disciplinary background
D ate :........................................................
T im e :.......................................................
Cod e:.......................................................
(Location/man.-tech/number of interview)
C. Number of years of experience in the petroleum industry
0 < 5 years 0 25-29 years
0 5-9 years 0 30-34 years
0 10-14 years 0 35-39 years
0 15-19 years 0 40-44 years
0 20-24 years 0 > 45 years
D. Age
0 < 20 years 0 45-49 years
0 20-24 years 0 50-54 years
0 25-29 years 0 55-59 years
0 30-34 years 0 60-64 years
0 35-39 years 0 > 65 years
0 40-44 years
E. Job history (which jobs did you have in the past?)
2 . Work Processes
We define 'Work Processes' as: "A specifically defined sequence o f steps, activities or operational methods"
2.1 Task complexity
• Five main tasks of job
• Difficult aspects of job
2.2 Task interdependence
• Drawing a circle as representing yourself
• Drawing of circles as representing persons daily collaboration with
• Persons direct communication
• Persons direct task performance
• Persons virtual communication
3. Organizational structure
We define 'Organizational structure' as: "The form al patterns o f relationships between groups and individuals"
3.1 Forms of grouping
• Circle around persons as local, formal team
• Type of same/different functional backgrounds in team
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3.2 Collaboration within a team
• Positive collaboration/communication (mark green); Negative collaboration/communication (mark red)
• Reasons for positive/negative communication and task performance within the team
• Actions taken by organization to improve communication and task performance within the team
• Responsible for coordination of activities within the team
• Difficulties with coordination of activities within the team
• Actions taken by organization to improve coordination within the team
3.3 Collaboration between teams
• Reasons for positive/negative communication and task performance between members of different teams
• Actions taken by organization to improve communication and task performance between different teams
• Responsible for coordination of activities between teams (full-time/part-time/type of responsibilities)
• Difficulties with coordination of activities between teams
• Actions taken by organization to improve coordination between teams
4. Competencies
We define a com petency as: "A gathering o f knowledge, skills and abilities".
4.1 Achievement of new competencies by you by working in CWE
4.2 Training received by you for working in CWE
4.3 Need for additional training for you for working in CWE
5. Organizational design effectiveness objectives
• Quality of cross-functional collaboration
• Quality of virtual collaboration
• Quality and/or speed of decision-making
6. Closure
6.1 Comments or suggestions 
Thank you for this interview!!
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SUMMARY
The upstream petroleum industry is undergoing a period of significant change. In this 
research, three current issues in the upstream petroleum industry are distinguished: (i) 
Increasing demand for energy. The increase in world population, economic growth per 
person, and importance of transport/mobility, result in increasing demand for energy. These 
demand requirements push petroleum com panies to maximize their production from both 
existing and new oil and gas fields. (ii) Operating in difficult oil fields. Petroleum companies 
claim that there is hardly any easy accessible oil reservoir left. Most of the large oil fields 
have been exploited since the 1960s and 1970s; therefore their production has declined 
significantly in the last two decades. (iii) The Big crew  change. The workforce in the 
upstream petroleum industry is diminishing, both in numbers and experience. Within the 
industry this is referred to as 'the Big crew  change'.
Most major petroleum com panies introduced 'Smart Oil Fields' to deal with the current 
issues. A 'Smart Oil Field' is: A context where the combination o f (a) hardware and system s;
(b) data and standards, and; (c) people and skills, enables the organization to access difficult 
oil fields, and to provide it with real time data o f the actual situation o f petroleum  
production and reserve quantity. Smart Oil Fields consist of Sm art Oil Fields Technology and 
Collaborative Work Environments (CWEs).
For the development of Smart Oil Fields Technology, Shell, TNO and Delft University of 
Technology have created the ISAPP (Integrated System Approach to Petroleum Production) 
research consortium. Later on the Radboud University Nijmegen (Nijmegen School of 
Management) also participated. The Nijmegen School of M anagement (NSM) was invited to 
investigate the implementation of Smart Oil Fields and to provide guidelines for 
organizational design. So far, NSM has formulated two PhD projects. The second project (by 
Ewoud Guldemond) focuses on the organizational design of Collaborative Work 
Environments (CWEs) of petroleum companies. The objective of this second project has 
been formulated as:
"To provide the petroleum industry with guidelines for the organizational design of the 
Collaborative Work Environments, in support of the operation of Smart Oil Fields."
In the last decade, petroleum com panies are increasingly viewing Collaborative Work 
Environments as an important component of their Smart Oil Fields programs. Collaborative 
Work Environments have been implemented by several major petroleum companies, to 
support the use of technology in Smart Oil Fields. The CW E dedicated work space is 
equipped with advanced hardware and software systems, like video-conferencing/audio, 
mobile cam eras and computing devices to facilitate cross-functional collaboration.
W e define a 'Collaborative W ork Environment' as: A forum , which is specifically created to 
integrate people, processes, technology and facility fo r  improved cross-functional and virtual 
collaboration, learning and high quality decision-making.
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A Collaborative Work Environment in the upstream petroleum industry can consist of (a) a 
Field office (located onshore, or offshore); (b) a Collaboration Center (main office, located 
onshore), and; (c) Service Companies. The main em phasis of this research is on the Field 
office and Collaboration Center, where both formal and informal collaboration takes place. 
These changing work environm ents make strong demands on team work and learning. 
Team work in the Collaborative Work Environments has to cope with two important aspects: 
(i) Multiple locations (both on site and at distance, without the possibility of collocated face- 
to-face interaction); and (ii) Multiple disciplines (people with different functional 
backgrounds).
The implementation of these Collaborative Work Environments is not without problems. 
After major petroleum com panies successfully implemented the hardware, tools and 
applications in CW Es, organizational design challenges remained unsolved. The biggest 
challenge is to change behavior of staff and to effectively integrate people across 
disciplinary boundaries. Integration between staff with differing functional backgrounds is 
still problematic. The upstream petroleum industry is in search for an effective 
organizational design to cope with the integration issues of cross-functional collaboration.
Organizational design can motivate, facilitate, or constrain behavior of staff in organizations. 
Therefore, changes in organizational design can help to deal with the challenge of changing 
staff's behavior and to effectively integrate people across disciplinary boundaries.
Four central research questions were formulated:
1. What are the m ost im portant objectives fo r  Collaborative Work Environm ents in Sm art 
Oil Fields?
2. Which guidelines do theories o f organizational design & change provide fo r  the 
organizational design o f Collaborative Work Environm ents in Sm art Oil Fields?
3. Which problems are currently experienced with regard to the effectiveness of 
Collaborative Work Environments in Sm art Oil Fields?
4. What are the m ost important problem s with organizational design effectiveness of 
Collaborative Work Environments in Sm art Oil Fields?
W e started by conducting informal interviews and workshops with internal staff of Shell and 
external consultants in the upstream petroleum industry. The results of these informal 
interviews and workshops provided an answ er to our first central research question: What 
are the m ost important objectives fo r Collaborative Work Environments in Sm art Oil Fields? 
Having insights into the objectives of CW Es, we searched the literature for an answer to our 
second central research question: Which guidelines do theories o f organizational design & 
change provide fo r  the organizational design o f Collaborative Work Environments in Sm art 
Oil Fields? We identified two fields of theory as particularly relevant for providing an answer 
to this second central research question. First, we relied on the modern sociotechnical 
system s approach within the field of organizational theory to inform our analysis of the 
relations between organizational structure and technical systems. Second, we made use of 
the literature on virtual team s to collect insights into the specific requirements for 
organizing virtual collaboration in organizations. Based on our literature study, we
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identified three variables to be relevant for organizational design guidelines: organizational 
structure, task characteristics and com petencies (of staff).
To provide adequate guidelines for organizational design of CW Es in Smart Oil Fields to the 
petroleum industry, we considered conducting research at the field locations of (upstream) 
petroleum com panies essential.
W e included three cases of CW Es in Smart Oil Fields of Shell (as m em ber of the ISAPP 
research consortium) in our research. A case study design was used for data collection and 
analysis. Three production locations (referred to as 'Operating Units') were visited in the 
period of 2009-2010. Shell is considered as an early adopter of the CWE concept in the 
upstream petroleum industry, therefore an appropriate petroleum company for our 
research. For providing an answer to the third central research question, we used 
interviews, document analysis and observation as the methods of data collection.
After our data collection and analysis, we were able to answer our central research 
questions 3 and 4.
Central research question 3 - Organizational structure o f the operating unit 
Smart Oil Fields work practices are largely determined at the production location level 
(Operating Unit), since these are the autonom ous organizational bodies of most upstream  
petroleum companies. At the end of the 1990s/beginning of the 2000s, Operating Units in 
our research cases had 'Asset-based organizations' (i.e. process-based organizations) in 
place. Since then, however, they have changed from a 'Process-based organization' (with a 
focus on executing processes) to a 'Functional organization' or 'Functional-based matrix 
organization' (with a focus on developing functional specialization). This change was 
motivated by concerns about the technical quality of work. In fact, the organizational 
structures of the Operating Units in cases A and B had an em phasis on functional 
organization, yet also showed characteristics of a process-based organization. In case C, the 
organizational structure of the Operating Unit was functional.
Central research question 3 - Task characteristics o f work in the collaborative work 
environm ent
The implementation of Smart Oil Fields changes the way people work. We focused on task 
complexity and task interdependence as critical task characteristics. For task 
interdependence, we distinguished between: (a) cross-functional collaboration and virtual 
collaboration, and; (b) short-term and long-term objectives (related to the control loops). 
The effectiveness of cross-functional collaboration and virtual collaboration depended on 
the tim efram e of the objectives. Cross-functional collaboration and virtual collaboration was 
going well, when all staff members in the CWE were focusing on achieving short-term  
objectives. If staff members in the CW E were focusing on aligning short-term with long-term  
objectives, difficulties in collaboration between staff members became apparent.
Central research question 3 - Com petencies in the collaborative work environm ent 
It was important to find out w hether staff in the organization had the com petencies 
required to work in a manner consistent with the goals envisaged for the CWE. We used the 
basic distinction between com petencies for cross-functional team s (taskwork-related and
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teamwork-related com petencies), and com petencies for virtual team s (telecooperation- 
related com petencies). In cases A and B, respondents emphasized a large gap in the level of 
taskwork-related (i.e. technical) com petencies between staff located at the collaboration 
center and staff at the production location. Taskwork-related com petencies at the 
collaboration center were considered of a high level, w hereas at the production location 
they were seen as insufficient. This large gap in taskwork-related com petencies between  
staff located at the two different locations was considered as an obstacle for effective 
collaboration in the CW E. In case C, a large gap in taskwork-related com petencies between  
the two locations was not reported. In general, respondents believed teamwork-related  
com petencies had improved by working in the CWE.
Central research question 4 - M ost important problems
In order to develop the guidelines for organizational design of CW Es in Smart Oil Fields, 
research was conducted at three different Operating Units (three different cases) of Shell. 
W e used the design sequence model to frame the discussion of our cross-case patterns. The 
building blocks (strategic positioning, structure, and systems) of the design sequence model 
were related to our them es: (1) Structure follows strategy; (2) design of the control 
structure follows design of the production structure, and; (3) Choice of system s follows the 
structural design of the organization. Related to these three them es, guidelines to the 
petroleum industry were provided.
Guidelines to the petroleum industry
Them e 1: Structure follows strategy
For the first them e, two guidelines were formulated:
1. Formulate specific business goals (asset perform ance) fo r  Sm art Oil Fields and 
define implications fo r  structures & system s in the organization.
2. Adapt the organizational structure to each stage in the field  production life 
cycle.
Them e 2: Design of the control structure follows design of the production structure 
For the second them e, two guidelines were formulated:
3. Start with the short-term control loop and over time integrate longer term  
control loops in the activities o f the CWE.
4. M ake the matrix organization more effective by (a) carefully defining 
organizational roles & responsibilities, and (b) creating appropriate 
m anagem ent system s to support this type o f organization.
Them e 3: Choice of system s follows the structural design of the organization 
For the third them e, one guideline was formulated:
5. First define the strategy and design the organization, then integrate the 
organization, technology and work.
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SAMENVATTING (DUTCH SUMMARY)
De upstream olie-industrie ondergaat een periode van grote veranderingen. In dit 
onderzoek zijn er drie huidige kwesties in de upstream olie-industrie onderscheiden: (i) de 
toenem ende vraag naar energie. De toenem ende wereldbevolking, econom ische groei per 
persoon en het belang van transport/mobiliteit resulteert in een toenam ende vraag naar 
energie. Deze eisen zorgen ervoor dat oliem aatschappijen hun productie, uit zowel 
bestaande als nieuwe olievelden, moeten maximaliseren. (ii) Opereren in moeilijke 
olievelden. Oliemaatschappijen beweren dat er nauwelijks gemakkelijk toegankelijke 
olievelden aanwezig zijn. De meeste olievelden zijn al in productie sinds de jaren 1960 en 
1970; hierdoor is de productie sterk gedaald in de laatste twee decennia. (iii) The Big crew  
change. De beroepsbevolking binnen de upstream olie-industrie neemt af, zowel in aantal 
als in ervaring. Binnen de industrie staat deze trend bekend als 'the Big crew change'.
De m eeste grote oliem aatschappijen introduceerden 'Smart Oil Fields' om om te gaan met 
de huidige kwesties. Een 'Smart Oil Field' is: Een context waarbij de combinatie van (a) 
hardware en system en; (b) data en standaarden en; (c) mensen en vaardigheden, de 
organisatie in staat stelt om moeilijk toegankelijke olievelden te betreden en de mogelijkheid 
om real-time data van de huidige situatie van olieproductie en grootte van de reserves te 
verkrijgen. Smart Oil Fields bestaan uit Sm art Oil Fields Technology en Collaborative Work 
Environments (CWEs).
Voor de ontwikkeling van Smart Oil Fields Technology hebben Shell, TNO en de Technische 
Universiteit Delft, het ISAPP (Integrated System Approach to Petroleum Production) 
onderzoeksconsortium opgericht. De Radboud Universiteit Nijmegen (Nijmegen School of 
Management) participeerde in een later stadium. De Nijmegen School of Management 
(NSM) was uitgenodigd om de implementatie van Smart Oil Fields te onderzoeken en om 
richtlijnen voor organisatieontwerp te geven. De NSM heeft tw ee promotieprojecten  
geformuleerd, tot dusver. Het tw eede project (door Ewoud Guldemond) richt zich op het 
organisatieontwerp van Collaborative W ork Environments (CWEs) van oliem aatschappijen. 
De doelstelling van dit tweede project is geformuleerd als:
"Het geven van richtlijnen voor het organisatieontwerp van Collaborative Work 
Environments aan de olie-industrie, ter ondersteuning van de implementatie van Smart Oil 
Fields."
In het afgelopen decennium zijn oliemaatschappijen Collaborative Work Environments in 
toenem ende mate als een belangrijk onderdeel van hun Smart Oil Fields programma's gaan 
beschouwen. Verschillende grote oliem aatschappijen hebben Collaborative Work 
Environments geïmplementeerd ter ondersteuning van het gebruik van technologie in Smart 
Oil Fields. Een CW E werkomgeving is voorzien van geadvanceerde hardware en software 
system en, zoals videoconferencing/audio, mobiele cam era's en com puterapparatuur om  
cross-functionele samenwerking te faciliteren.
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In dit onderzoek is een 'Collaborative Work Environment' als volgt gedefinieerd: Een forum 
dat speciaal is opgezet voor de integratie van processen, mensen, technologie en faciliteiten 
voor verbeterde cross-functionele en virtuele samenwerking, leren en een hoge kwaliteit van 
besluitvorming.
Een Collaborative Work Environment binnen de upstream olie-industrie kan bestaan uit: (a) 
een veldlocatie (gelegen op land of op zee); (b) een Collaboration Center (hoofdkantoor, 
gelegen op land), en; (c) dienstverlenende bedrijven. De nadruk van dit onderzoek is gericht 
op zowel formele en informele samenwerking tussen de veldlocatie en het Collaboration 
Center. Deze veranderende werkomgevingen stellen grotere eisen aan samenwerking en 
leren. Samenwerking binnen Collaborative Work Environments betreft twee belangrijke 
aspecten: (i) Meerdere locaties (zowel op de veldlocatie als op afstand, zonder de 
mogelijkheid van nabije face-to-face contact); en (ii) Meerdere disciplines (personeel van 
verschillende functionele achtergronden).
De implementatie van deze Collaborative Work Environments is niet zonder problemen. 
Nadat grote oliemaatschappijen succesvol de hardware en apparatuur binnen CWEs hadden 
geïmplementeerd, bleven organisatieontwerp kwesties onopgelost. De grootste uitdaging is 
om het gedrag van personeel te veranderen en om succesvol personeel van andere 
disciplines te integreren. Integratie van personeel met verschillende functionele 
achtergronden blijft problematisch. De upstream olie-industrie is op zoek naar een effectief 
organisatieontwerp om om te gaan met integratiekwesties van cross-functionele 
samenwerking.
Een organisatieontwerp kan gedrag van mensen binnen organisaties motiveren, faciliteren 
of beperken. Veranderingen in het organisatieontwerp kunnen daarom helpen om op een 
juiste wijze het gedrag van mensen te veranderen en integratie tussen mensen van 
verschillende disciplinaire achtergronden te integreren.
Vier centrale onderzoeksvragen zijn hiervoor geformuleerd:
1. Wat zijn de belangrijkste doelstellingen voor Collaborative Work Environments in Smart 
Oil Fields?
2. Welke richtlijnen geven theorieën over organisatieontwerp en -verandering voor het 
organisatieontwerp van Collaborative Work Environments in Smart Oil Fields?
3. Welke problemen worden op dit moment ervaring gerelateerd aan de effectiviteit van 
Collaborative Work Environments in Smart Oil Fields?
4. Wat zijn de belangrijkste problemen betreffende de effectiviteit van het 
organisatieontwerp van Collaborative Work Environments in Smart Oil Fields?
We zijn dit onderzoek begonnen met het houden van informele interviews en workshops 
met intern personeel van Shell en externe consultants binnen de upstream olie-industrie. 
Het resultaat van deze informele interviews en workshops resulteerde in een antwoord op 
onze eerste centrale onderzoeksvraag: Wat zijn de belangrijkste doelstellingen voor 
Collaborative Work Environments in Smart Oil Fields?
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Met het inzicht in de doelstellingen van CWEs hebben we een literatuurstudie uitgevoerd 
om een antwoord te krijgen op onze tweede centrale onderzoeksvraag: Welke richtlijnen 
geven theorieën over organisatieontwerp en -verandering voor het organisatieontwerp van 
Collaborative Work Environments in Smart Oil Fields? Twee theoretische gebieden waren 
bijzonder geschikt voor het beantwoorden van onze tweede centrale onderzoeksvraag. Ten 
eerste hebben we gebruik gemaakt van de Moderne Sociotechniek voor de 
organisatietheoretische onderbouwing van de relaties tussen organisatiestructuren en 
technische systemen. Ten tweede hebben we gebruik gemaakt van literatuur op het gebied 
van virtuele teams om inzicht te verkrijgen in de specifieke eisen voor het organiseren van 
virtuele samenwerking binnen organisaties. Gebaseerd op onze literatuurstudie hebben we 
drie relevante variabelen geselecteerd voor het geven van organisatieontwerp richtlijnen: 
organisatiestructuur, taakkenmerken en competenties (van personeel).
Om juiste richtlijnen voor organisatieontwerp voor Collaborative Work Environments in 
Smart Oil Fields aan de olie-industrie te kunnen geven, was het nodig om onderzoek op 
veldlocaties (productielocaties) van (upstream) oliemaatschappijen uit te voeren.
We hebben drie casussen van CWEs in Smart Oil Fields van Shell (als deelnemer in het ISAPP 
onderzoeksconsortium) opgenomen in ons onderzoek. Een case-study ontwerp is gebruikt 
voor dataverzameling en -analyse. In de periode van 2009-2010 zijn er drie 
productielocaties (bekend als 'Operating Units') bezocht. Shell wordt beschouwd als één van 
de voorlopers op het gebied van CWE binnen de upstream olie-industrie. Dit maakte Shell 
een geschikte organisatie voor ons onderzoek. Voor het beantwoorden van onze derde 
onderzoeksvraag hebben we gebruikt gemaakt van interviews, inhoudsanalyse en 
observaties als methoden van dataverzameling.
Nadat onze dataverzameling en -analyse had plaatsgevonden, waren we in staat om onze 
derde en vierde centrale onderzoeksvragen te beantwoorden.
Centrale onderzoeksvraag 3 -  Organisatiestructuur van de operating unit 
De werkmethodes van de Smart Oil Fields worden voornamelijk op het niveau van de 
productielocatie (Operating Unit) bepaald, aangezien de Operating Unit een autonoom 
organisatieorgaan van de meeste upstream oliemaatschappijen is. Aan het einde van de 
jaren 1990/begin van de jaren 2000, hadden de meeste Operating Units van onze 
onderzoekscasussen een 'Asset-based organisatie' (procesgerichte organisatie). Echter, 
vanaf dat moment heeft er een verandering plaatsgevonden van een 'Procesgerichte 
organisatie' (met de nadruk op het uitvoeren van processen) naar een 'Functionele 
organisatie' (met de nadruk op het ontwikkelen van functionele specialisatie). Deze 
verandering is voornamelijk ingegeven door zorgen over de gebrekkige technische kwaliteit 
van het afgeleverde werk. Binnen de organisatiestructuren van de Operating Units in 
casussen A en B lag de nadruk op een functionele organisatie. Echter, er waren ook 
kenmerken van de procesgerichte organisatie aanwezig. Binnen de organisatiestructuur van 
de Operating in casus C lag de nadruk op een functionele wijze van organiseren.
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Centrale onderzoeksvraag 3 -  Taakkenmerken binnen de collaborative work environment 
Met de implementatie van Smart Oil Fields verandert de manier waarop mensen werken. 
Binnen dit onderzoek richten wij ons op taakcomplexiteit en de onderlinge samenhang van 
taken, als belangrijkste taakkenmerken. Voor de samenhang van taken hebben we een 
onderscheid gemaakt tussen: (a) cross-functionele en virtuele samenwerking, en; (b) korte 
termijn en lange termijn doelstellingen (gerelateerd aan regelkringen). De effectiviteit van 
cross-functionele en virtuele samenwerking hing af van de tijdslijn van de doelstellingen. De 
cross-functionele samenwerking en virtuele samenwerking gingen goed, wanneer al het 
personeel binnen de CWE zich richtte op het bereiken van de korte termijn doelstellingen. 
Wanneer het personeel binnen de CWE zich richtte op het afstemmen van de korte termijn 
met de lange termijn doelstellingen, dan bleek de samenwerking tussen het personeel 
moeilijk te verlopen.
Centrale onderzoeksvraag 3 -  Competenties binnen de collaborative work environment 
Het was belangrijk om na te gaan of het personeel de benodigde competenties bezat om de 
beoogde doelstellingen van de CWE te bereiken. We hebben gebruik gemaakt van het 
onderscheid van competenties voor cross-functionele teams (taskwork-gerelateerde and 
teamwork-gerelateerde competenties), en competenties voor virtuele teams 
(telecooperation-gerelateerde competenties). In casussen A en B gaven respondenten aan 
dat er een groot verschil was in het niveau van taskwork-gerelateerde (technische) 
competenties tussen personeel werkzaam op het hoofdkantoor en op de productielocatie. 
Taskwork-gerelateerde competenties werden als van een hoog niveau beschouwd, terwijl 
deze op de productielocatie als ontoereikend werden beschouwd. Het grote verschil in het 
niveau van de taskwork-gerelateerde competenties tussen personeel op de twee 
verschillende locaties werd beschouwd als een obstakel voor effectieve samenwerking 
binnen de CWE. In casus C was er geen sprake van een groot verschil in het niveau van de 
taskwork-gerelateerde competenties tussen de twee locaties. In het algemeen gaven 
respondenten aan dat de teamwork-gerelateerde competenties verbeterd waren door het 
werken binnen de CWE.
Centrale onderzoeksvraag 4 -  Belangrijkste problemen
Om richtlijnen voor organisatieontwerp van de CWE binnen Smart Oil Fields te ontwikkelen, 
is het onderzoek uitgevoerd binnen drie verschillende Operating Units (drie verschillende 
casussen) van Shell. We hebben gebruik gemaakt van een ontwerpvolgordemodel om de 
discussie van onze 'cross-case' patronen vorm te geven. De blokken van dit 
ontwerpvolgordemodel (strategische positionering, structuur en systemen) waren 
gerelateerd aan onze thema's: (1) Structuur volgt strategie; (2) het ontwerp van de 
besturingsstructuur volgt de productiestructuur, en; (3) de keuze van de systemen volgt de 
organisatiestructuur. Gerelateerd aan deze drie thema's hebben we de olie-industrie van 
richtlijnen voorzien.
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Richtlijnen voor de olie-industrie
Thema 1: Structuur volgt strategie
Voor het eerste thema zijn er twee richtlijnen geformuleerd:
1. Formuleer specifieke organisatiedoelen (asset performance) voor Smart Oil Fields en 
definieer implicaties voor structuren & systemen van de organisatie.
2. Pas de organisatiestructuur aan elke fase van de veld productie levenscyclus aan.
Thema 2: Het ontwerp van de besturingsstructuur volgt de productiestructuur
Voor het tweede thema zijn er twee richtlijnen geformuleerd:
3. Start met de korte termijn regelkring en na verloop van tijd integreer de langere termijn 
regelkringen in de activiteiten van de CWE.
4. Maak de matrix-organisatie effectiever door (a) zorgvuldig organisatierollen en -  
verantwoordelijkheden te definiëren, en (b) het creëren van juiste managementsystemen 
om dit type organisatie te ondersteunen.
Thema 3: De keuze van de systemen volgt de organisatiestructuur
Voor het derde thema is er één richtlijn geformuleerd:
5. Definieer eerst de strategie en het organisatieontwerp, vervolgens integreer de 
organisatie, technologie en arbeid.
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